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APPENDIX G - '
SHIPPING AND PORTS

Tn a war against the U,S.S.R., the United States will find 1t
necessary to move laige tonnages of military and civilian supplies
to overseas theaters without interruption, The critical lines of
suppiy are assumed to be those to the Unite@-Kingdom, Western
Europe, and North Africa. Further, it is as%uméd that the enemy
can direct submarine and air attack against both the ships and the
terminal ports or th; Atlantic supply 1inms.§

This Appendlx discusses the present situation in shipping and
ports, and propoqes meusures for providing successful delivery of
supply overseas in the face of enemy actiOnfagainst elther shipping
or ports.

The elements of the pfoblem are considered to be: (1) merchant
ships; (2) harbor and pbr%‘conditions;wﬁﬁ)'interior transportation;
(4) port-terminal facilitiles; (5) ship turn-around and cargo handl-

ing; and (6) labor and work methods.

I. MERCHANT SHIPS

A study ofrthé inventory of merchant-c¢lass ships available to
the U.,S5. for posgsible war-~emergency Qse shows é critical lack of
fast world-service types (see Annex D). The initial phases of a
sudden war emergency would require makimum speed of supply to sup-
port military personnel moved rapidly into a war theater by sea and
air. Only 13 per cent ~- or 365 -- of thé U.S. vessels presently
available for war-shipping use are classed as "moderately fast"
(16- to 17-knot sea speed)., Liberty vessels and ships of inter-
mediate speeds are not sulted tg the rapid-supply needs of modern
war, nor do they embody flexibility and securlty from attack.

The planning estimate that assumes the present reserve fleet
of Liberty-type vessels will supply any overseas shipplng require-

ment for a pefiod D + 23 months should be re-evaluated in the light
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of intelligence estimates of enemy capabilities and probaﬁle the -~
ters of operationsa.

The situation indicates a sericus tactical need for new fast
merchant-type ships possessing extraordinary characteristics with
regard to mobillty, self-protectlon, and cargo-handling equipment,
To @eet this need, the Hartwell group has envisaged a new fast
»shi§ wlth a sea speed of at least 20 knots, equipped with a large
low-frequency listening array for torpedo detection, a helicopter
weapons system, and an AA battery for use against low-flying
. planes (see AppendixmB, Sections IIT and VI). It incorporates
also the most advanced facilitles and equipment for efflcient car-
go handling. .

Many considerations support this concept of new fast merchant
ships.

A. Military-Naval Considerations

The military aspects of the war-shipping problem invelve se-
curlty against: (1) surface men of war; (2) air attack; (3) sub-
marines; and (%) mines. As déveloped in Appendix B, Section VI,
security from a%tack improves as ship speed inereases. Thus,
fast ships are legss vulnerable to the flrst three categories listed
aboves they also have an indirect advantage, by reason of their
fleyiblllty, agalnst mines.

New fast ships equipped with improved'detection devices and
adequate weapons systems (see Append’x B, Séctions II, III, and
VI, and Appendix D, Section I) would have the following military
advantages over the present élow ships.

1, Military operationali support:

(a} Fast ships can provide task-force support;

(b) Past ships are capable of rapid mobile support to
any sea iocale, e.g., Were the Panama Canal damaged,
fast ships are needed for satisfactory transporta-

tion over increased distances;
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(¢) PFast ships can be'mpre quickly diverted if mine
threat requires port dispersal.
2. Greater protection from submarine threat:
| (a) Fast ships have greater flexibillty in evasion
tactics; :
(b) DNew fast ships can provide é counter-threat agaihst
submarines;
(¢} Fast ships are efficient for optimum convoy routingy
(d)' Fast ships require fewer convby—screen vessels.,
3. Greater protection agalnst air attack:
(a) Fast ships spend less time in the threatened area;
(b) The greater moblility of fast ships allows longer
voyagings; thus they can take advantage of routes
offering op%imum safety from air attack.

B, Logistical Conslderations

The present lack of fast cargo vessels places serious liﬁita—
tions on military-naval planning for prompt support of task forces
overseas. Long, contlnuous pipelines cannot Be sustalned by slow,
Inefficlent ships. Rapid supply is vital in the inltlal stages of
war or even for a series of "Korean incidents"., The need for fast
ships 1s urgent now, especially since stockpile materials here
and In allied»countries are criticaliy low. The ability to reple-
nish these st&ckpiles in the early stages of a war 1s directly
proportional to the speed of the ships employed, other factors
being constant. The speed of filling a pipeline may mean the dif-
ference between maintaining an ally or 1osigg him. When supply
1s eritical in the eariy stages of a war, it requires only one-
half the "dead" or ineffective volume to £ill a 20-knot pipeline
" as 1s required to £ill a 10-knot pipeline.

Thus, fast ships are capable of increased rate of supply with
less fluctuations in flow, They-provide, too, greater flexibility

with respect to delivery locale. The logistic advantages ¢£ fast
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ships may be summarized as followss

(a) Fast ships spend less time at sea;

(b) Fast ships witi modern gulpment spend less time in ports

(e) Fasf ships require less time to £1ll a pipeline, as a
result of (a) and (b).

(a) Fdst ships have lower costs in manpower and expendable
material, per unit ton delivered;

(e) Fast ships require less use of strateglc war materials
in construction, per unit ton delivered overseas,

C. Commercial Considerations

New fast cargo ships, whatever thgir war-emergency need, are
primarily merchant veésels° They should possess not only good
military characteristics, but whould also be the best ships for
foreign commerce .and merchant marine service in peacetime.

Cf the 1900 Liberty ships now on the books, probably only
1500 are serviceable and avallablej these are obsolete. A Liberty
ship would reduire 1347days to make one complete'Voyage to the
China-India theateryf— or could make twc sueh trips per year.

Hence these Libert§.vessels are best suited to short%voyages where
time in port is a major part of the over-all voyage éyclee Because
of the emergency nature of their construction and the substitute
materials employed, these Liberty ships are not adaptable to mea-
sures that might increase their speed. The reciprocating engines
of these ships have critical speeds, and the leded hulls of com-
mercial-grade steel would not stand the increased stresses and vi-
brations that would result from increased machinery power and sea
speed,

Aside from the urgent defense needs, it is imperative that
we build fast merchantétype vessels onn a normal replacement basis
if we are to maintain our competitive position in peacetime shipring.
Nations such as the British and scandinavians, whose life blood de-

pends on their ocean shipping. have established a clear trend toward
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greater deadwelght capacity per ship and toward increased speed.

In this couﬁtry, new fast ships have been built for special ser-
vices such as the frult trade and the bulk-ore and 511 industries.
Economie factors favoring this change to faster:ships have been
two: first, technical improvements 1in hull .design and propulsion
machinery (which lowers the cost of épeed); and second, increasing
labor costs for éﬁtp'crews (whiqh greatly favors fast turn-around).
The economics of the trend has already been proved in a privéte
industry (oi1l) as is shown by;%he following tabulation for the

past 20 years.

Period DWT Capacity Speed (knots)
1820's 8 - 10,000 10 - 12
1930's 10 - 16,000 14 - 15
19401s 26 - 30,000 16 - 17

A study of fleet replacements of refrigerated vessels of the
United Fruit Lines and the British-operated "Reefers" shows a
comparable trend.

Unless new fast ships are bullt to provide for normal re-
placement, we shall continue to pay excgssive subsidies to operate
"our obsolete vessels in competition with the new fast ships of
other natioﬁs. We must therefore give lntensive study and con-
sideration to efficient propulslion machinery, good cargo stdwage-
handling characteristics, and low manning requirements.

D, Shipbuilding Conslderations

The present International situation demands that we preserve
our shipbullding industry as an essential factor in the defensive
scheme of the democratic nations.

Our shipbulilding Industry has declined to a critical state:
only one new ship of more than 5000 JWT has been laid down in U.S.

shipyards since January 1950.
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The world's major areas of shipbuilding areéin Europe (United
Kingdom), Japan, and the U.3, The sudden-outbreak of war could im-~
mobilize the Eurcpean shipbuilding industry, ledving U.S. yards as
the sole reliance for providing ships for the Atlantic Pact na-
tions. This fact reqﬁires'that the U.S. Industry be in an effi-
cient state of readiness. A program for construction of new fést
ships to satisfy military needs would serve {o reanimate our shilp-
building industry. .

E. Deslgn and Characteristics of New Fast Ships

The new fasﬁ cargo ships should possess the greatest degree
of flexibility with respect to economical high speeds (not less
than 20 knots), cargo space, carge-handling gear, world service,
self~protection, and high-quality standardized sturdy construction,
The vessel that will meet these general requirements will possess
the following qualities, which, in turn, chould be worked out on
the baslis of operational considerations,

l. Dimensions

The limitations imposed by berth depvhs, approaches,
port-terminal characteristics, equipment énd whart areas in
world ports suggest the followling practical limits for over-
ail dimensions: |

Length: no5 greater than 550 ft,., with 500 ft. optimum;

Beam: not greater than 75 ft., with 65 ft, optimﬁm;

Pull-Load Draft in Fresh Water: not over 30 ft., with

28 £t, optimum.

2o Net Cargce Tonnage

Net cargo tonnage should be nct greater than 12,000
DWT, with 10,000 DWT optimum,
5. Holds

Helds should be_arranged for fast cargo handling, with
an optimum of 6 Ffor a 500-foct vessel. The holds should be

equalized with respect to zubic canacity.
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L., Materials

The efficient use of materials will probably result in.
a ship possessing the maxlmum efficlent speed attainable
with a single screw., This means savings 1n critical steels
and machinery and reduced cost and time factofs in shilp-
building,

5; Power Plant

High-pressure steam type, probaﬁly not greater than
600-pound, total temperature not over 850°F, to minimize
demand for critieal metal alloys and specially skilled
operators. |
6, Hull

The ship should have a sturdy hull, be well compart-
mented, and be unusually maneuverable at operating speeds.

7. Self-Defense

Provision for a high degree of self-defense against
submarines should be built into the vessel, including: a
helicopter platform aft, with special cranes replacing masts
to make this practicable; sonar; AA weapon locations; Holme
device over the stern.

8. -Cargo Handling

To achieve a high degree of logistical value ard in-
port operational efficiency, the vessells cargo-working
characteristics should complement the best port operétions.
. Therefore careful consideratiqn should be given to the
following:

(a) Improve the hold's cubic equalization and

getween-deck clearancess

(b) Optimize distances from edges of hateh to ends

and wings of holds (optimum distance 12 ft.);

{c) Remove permanent cribbing of cargo-hold obstacles

such as pipes, brackets, valves, raised manhcles,

SECRET c-7
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tank trunks, sloping deck surfaces;

(d) Remove excessive deck camber;

* (e} Provide standard stanchions for shoring wings
to take military deck loadss

(f) Provide system for fastening military cargoes
to eliminate welding pad eyes and c¢lips to deck
on each voyage;

(g) 'Improve hatch covers and hatch beams by using
pontoons, rolier beams, roller covers, or simi-
lar improved hgfch coverings

(n) Provide low-stowing level-luffing cranes in place
of masts and Burtcn gear,on after-holds at least,
so that helicopter blades will not be fouled; de-
termine whether ship cargo cranes or masts and
Burton gear are better (testimony of those using
them statés that cranesusuch as those found on
the "Mulheim-Rhur" (see Schiffbau, May i, 1938,
pp. 145-148) outperform Burton gear by a factor
of 2),

F,  Summar
Whatever considerations enter into the design of new fast
' ships at thls time, the following general criteria should be observed.
1. The ships should be as fast as practicable.
2. They must be superior in cargo—héhdiéng and cargo-
spéce characteristicsf

3. They must be built for world service,

4, They must possess a preplanned weapons system for a

high degree of. self-defense azainst subrarines,

These new fast ships should be built now at a rate that shouid
probably equal 150 per year, This figure, however, is based on re-
placement due to general cbsolesscence, and is responsive to major
logistic estimates of the shipping needs of the democraciss in

wartime, :
\ SECRET -8
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IT. HARBOR AND PORT CONDIYICNS

The major ports of the U.S. and of our European allies are
vulnerable to alr attack, although 1t 1s realized that prolonged
heavy aerlial bombardment is required to Eripple 1arge portas, Simi-
larly, it 1s doubtful If major U.S. and Buropean ports could be
renderad permanently ineffectlive by such methods. '

However, 1t must be assumed that the U.3.3.R. 1= capable of
delivering an atomic weapon agalnst ports at either end of the
Atlantlc suppiy route, Successful attack by relatively few atomlc
weapons could forece the abandonment of any of these ports. It is
essentlal, therefore, that harbor and port conditlons in the U.S.
and Europe be surveyed, with a view towards providing emergency
plans to counter destructlon of these faclllitles by utillzing al-
ternative minor ports aﬁdmmobile port units.

A. Unlted States

1., Harbor Situatlon

The U.3. ceoast line may be divlded into 3 principal ocean-
shipping regions: Atlantic, Gulf of Mexico, and Pacific.

ihe Atlantic region has 21 harbors dredged to acgommodate
50—f66t draft éessels. Of these, Boston, New ¥ork, and Hampton
Roads are sultable for deep-draft "troop" type vessels. It 1s
reasonable to include the Canadian Maritime harbors of Halifax and
St. John in thils region, Halifax is sultable for deep-drafi{
vessels.

 The coast of the Guif of Mexico has 1k harbors (most of
them artificial) suitable for 30-foot draft vessels. Of these,
none is suitable for deep-draft troop transports.

The Pacific coast has one artificial harbor (Los Angeles,
breakwater—protécted) and 3 naturél harbors (San Francisco Bay and
Puzet Scund, landlocked, and the Columbié River estuary). The
nain Pacific harbors have numerous secondary harbors of which 12

arc suitanly developed fowr 20-Tvot draft vessels. All the major
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Pacifiec coast natural harbors will accommodate deep-draft troon
transports,

2. Port Situation

Forty-four U.3, commercial ports are suitable for war-
shilpwing purposes (see map, Annex B). Ten of these constitute
wartime combined ports in 10 principal harbors., Approximately 30
of the remaining 34 ports have not been used extensively as ports
of embarkation in wartime, The proven capacities of U.S3., major
ports are shéwn in Table II-1.

The ability of minor:ports to assume the 1oéd, should
enemy actlon reduce or deny the effectiveness of major ports, is
shown in Table II-2 which lists minor-port capacitles as estimated
at present and as they would be after 12-mpnths' wa;time overation
withoutv major construction of new facilities.*

Table II-> shows a comparison of the relative capacitiles
of major and minor ports in the various coastal regions. It glves
also the constituted port potential as a means of estimating the
abllity of the U.3. to ship in support of overseas theaters. This
table indicates tht comhinations of ports, major or minor or both,
that would be required %o meet a given supply requirement.

An analysis of the figures cf Table II-5 shows that the
major ports alone could support overseas, on a continuous basis,
5,500,000 troops at a maximum., The combined potential of major
and minor ports as presently constituted will support 5,500,000
theater personnel. After 12 months, during whiech improvements have
been made, U,Sn port capaclty can be expected tb support 10,000,000

personnel in overseas theaters.

All estimates of U, 3., major and minor port capacities have
been made on the basis of using deep-water sea anproaches
and of using wharves already suitable for use, or wharves
that can be made ready for use within 12 months without new
initial construction or cxtensive rebulilding of existing un-
suitable wharves.
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The Atlantic ports as constltuted can support 5,000,000
theater personnel, The Pacific ports, on the same basls, have a
potential for supporting 2,800,000 theater personnel, while the
Qulf port potential is 2,200,000, These figures assume no reduc-
tion of port capacities through enemy action. Port capabilities
are limited by either port facilitiles or lnternal-transportation
feeder support; this limiting criterion has been applied to all
ports listed, under "optimum operation conditions".

3, Summary of the U, S, Port Situation

The crippling of the Port of New York on the East Coast
would create a serlous shipping problem in time of war if the
overseas commitments were of the order of World We- II maximum.

New York shipped 37 million M/T of cargo or 29 of a total of

127 million M/T shipped from all ports during World War II. During
the peak month (March,1945), New York shipped 1,670,000 M/T or 28°
of a total of 6,000,000 M/T shipped from all U.S. ports during

that month, _

_ The Middle Atlantic hinterland of the U.S, 1s served by
the ports of New York, Philadelphia, and Baltimore, with a combined
export potential of 265 export sailings per month, nearly 40,. of
the total capacity of U3, designated Ports of Embarkation., There
are few alternate minor ports in the Middle Atlantic Coastal region.
In the event of serlcous damage to the Middle Atlantic ports, the
cargo shipments origlinating west ¢f the Allegheny Mountains would
have to be rerouted through the Gulf of Mexico portsy cargo ori-
ginating east of the Alleghenies would have to be rerouted through
New England and the South Atlantic ports where a surplus of minori
port capacity exists. An alfernate to this rerouting would be the
use of expecdient measures in the New York, Philadelphia, and
Baltimore harbor reaches.

The present capscity of all minor ports, when compared

to established POE's is Twe-thleds ¢f World War IT maximum for the

(]
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POE®'s. ‘Within 12 months, and without new construction or exten~
sive rebuilding, this capacity could be brought up to the World War
II maximum for the PCE's.

Capacity of the East Coast major ports 1s conslderably
in excess of East Coast minor ports. However, East Coasﬁ minor
ports plus Gulf mlnor ports exceed the capacity of the cqmbined
East Coast and Gulf major ports. ?he minor ports of the Gulf have
a considerable excess over normal }artimé shiﬁments from this
region.

The West Coast major port capacity exceeds that of the
minor ports. The port potential of the West Coast is concentrated
in three areas -- Los Angeles~Long Beach, San Fpancisco Bay,
and Columbia-Puget Sound. The crippling of Los Angeles-~-Long
Beach would leave no alternates in that area. It would be diffi-
cult to cripple all the ports of San Francisco Bay, and even more
difficult to cripple all the ports of Puget Sound. Loss of port
¢capacity in the Sbuthern California area wodld_require rerouting of
approximately 500,000 M/T per month through the Gulf of Mexico or
through expedient port handling in San Francisco Bay and Puget
Sound. Particular attention should therefore be given to provid-
ing alternate port capacity on the West Coast;*:

The port potential of the Gulf of Mexico offers the
greatest dispersion possibility in time of war. The climate per-
mité uniform efficiency the year around. The inland waterway _
routes offer an alternate transport system to Minneapolis, Chicago,
and Pittsburgh during at leasﬁ 8 months of the year.

Any plan for utilization of minor ports should contem-~
~plate the pcasible crippling of all combinations of major ports
at different times and eventually the c¢rippling of all major
port; and somé minor ports.

The proposed use of alternate ports and conventional

facilities presently existing should not be regarded as the ultimate
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solution of this prcblem for wartime. A workable port can be im-
proviséd on any protected shoreline, arm of the sea, or estuary
where sultable internal communications elther approcach the shore-
line or can be brought to it., This makes the navigable rivers
and bays of the U.S. seacocast adaptable to wartime expedient port
operations.

Vessels anchored-off or moored to dolphins in.a pro-
tected roadstead can load cargoe from lighters, floats and crane
barges at approximately the same rate achlieved normally at U.S.
port facilitles, This, of ‘course, requires double handling of
cargo, but'presents a problem no worse than is encountered in New
York where double handling occurs in peace or war. The Earges,
craﬁes, and towlng equipment that are needed in wartime can be
balanced against the cost of propescd new wharf construction,

With suitable cranes, scows, barges and floats, i1t is believed
that ship turn-arounZ time would not suffer in such a port opera-
tion. Experience in Rotterdam, Holland, has shown that 10,000 M/T
cargoes are handled in this manner in 3 to 4 days of vessel time
at fixed off-shore moorings.

The prinecipal militafy depots of the U.S, are located
inland from the coastal harbors, as is much of the industry engaged
in supplying wartime export material., The allocation of major
port hinterlands to include the tributary areas of minor ports
should be made., In this connection, wartime export-rrelght origin )
and destination studies should accompany the plan for the alter-
nate use of minor ports.

The necessary dredging of channel approaches, anchorages
and berths at minor ports should be undertaken now to assure imme-
diate occupancy and use in case of emergency. Rail communications
feeding the satellite ports should be developed., Construetion of
rall trunk-line Ilnterconnections at advantageous locations, the

enlarging of minor port backup storage and holding yards, improvement
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of intra-port rall circulation, and provision of proximity in-
transit storage should be plénned. Utilization of mlnor ports re-
quires provision for adequate sﬁip repair and bunkering. Consi-
deration should be gilven to expedient loading from lighters to
ships anchored-off 1n prectected avenues of refuge such és rivers,
bays, and estuaries, using DUKW's barges, lighters, cranes,
"Rhinos", and similar types of expedient ship-shore cargo transfer
equipment.

Moblle port organlizations should he activated, equlpped,
and trained to operate in emergency ports. Trial operations on
which to base SO0P's in emergency locations and in the mlnor ports
should be devlised and tested immediately. Moblle port unlts, uslng
expeéient schemes, could continue to operate in marginal areas of-

heavlly damaged major ports to salvage needed materlals and supplies.

B, Foreilgn

" The situation in harbors and ports at the eastern end of the
Atlaantic supply line has not beén studied in detall since data on
which to base an over-all survey were not available to the Hartwell
group., However, there is reason to belleve that the situation
there presents an even moré gritical problem than that noted for
the U.S.

Since a study of this problem requires a high order of

liaison and concurrence among nations, any conclusions drawn on
the basls of physicgl studles alone would be of little value. How-
ever, the foreign port situation 1s a vital factor In the Atlantile
supply line, and should be surveyed. |

7 A broad study of forelgn port conditlons should therefore be
made,; Including estimates of wartime capabllitles and proposed
alternates and expedients for use under definite intelligence estl-
mates and operational assumptlions. Because of its relation to

international strategy, this survey of the foreign-port war-

- utilization problem is properly the concern of a central coordinating

body such as the Atlantic Pact nations,
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III. INTERIOR TRANSPORTATION

The "pipeline" concept of defense transportation -- where hin-
terland industry supplies armies in the fleld -- becomes complicated
when the pipeline must extend overseas and waterborne shipping is
a major factor, The greatest bottleneck occurs at the shoreline,
where transfer between water and land carriers must takg place, To
he successful, ports must constitute transferqésinté 1n a continu-
ous supply flow, rather than act as reservolirs at the ends of
shipping lanes,

Two factors mitigate against continuous supply flow under

war-emergency conditions: trade-route practice and pelitical con-
.giderations have established the major ports, not the minor ports,
as principal transfer points in foreign commerce and inland trans-
portation is devoted primarily to serving industry and domestic
distribution, and only secondarily to forelgn commerce. The first
factor means that feeder transportation for alternate minor ports
is not available if major installations are damageds the second
means that capacities of U,S. ports are regulated mbre by the rate
of delivery of export freight to the ports than by the berths avail-
able for ship loading.

Of all inland transportation feeding ports --:railroads, high-
ways, waterways, airways ~-- rall provides the principal reliablé
transportation of military and c¢ivilian supplies to U.S. ports.

Table III-1 shows that capacities of 19 out of a total of
35 U,S. ports are determined by export rail delivery rathér than
by port facilities. It is thus futile to develop ports in excess
of the abiiity of interlor transportation to deliver cargo to
walting ships or to handle that discharged by ship arrivalé.

For example, it is estimated that the port of New York has
300 cargo-vessel berths and a daily rail capacity of 2210 cars
for export (see Table VI-1l). Toanage the railroads can bring into

New York could easily be handled by ships accommodated in 100 good
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berths, The 2210-car capacity is difficult;to achieve because of
lighter and tug boat limitations. Rail support is similarly a
limiting factor in capacity of several other major U.S. ports (see
Annex A)., The lack of balance between port facilities and interior
transportation feeders makes necessary careful stud& and planning
if ports are to meet maximum war-shippling requirements, A4 well-
coofdinated national overseas movements control organizatlon is a
prime requlsite,

In the past, it has been the practice to depend on railrcads
to supply overseas shipping. At peak capacity during World War II
160,240 export rall cars were.unloaded at U,S. ports in one month,

assigned as follows:

U. S. Army 91,058 rail cars
British 28,305
Russian 16,579
U. . Navy 27,739
War Food Adm. 1,408
Lend-Lease ' 21,151

180,240

During 1942-1943, when submarine sinkings ran as high as 1,000,000
tons of shipping loss per month, 33 per cent of the rall cars con-
signed to ports were held more than 10 days awaiting unloading.

A critical disruption in internal rall transportation threatened as
a résult of this fallure of ports to release rail cars on schedule.

In turn, lack of rall cars caused shipping delay, since 0.D.T.

assigned only a certaln number of cars for export purposes,

This experieﬁqe indicates how serious a breakdown in overseas
supply would result if, under present conditions, enemy actlon
against raill centérs or port facllities should disrupt rail move-
ment, 3Such disruption could be minimized by use of minor ports
and by development of a flexible system of alternate-port support,

To assure flexibility of supply, plans should be devised to
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provide rapid rerouting of rall frelzght to alternate norts. These
plans should include wartime utilization of U.S. inland waterwéys
as alternate feeders to ports (sec Annex B).

Th: Misslissippi inland waterway system could nrovide a down-
currenc avenue of sunply to Gulf ports, and could serve in conjunc-
tion with rall movements that at nresent limit Gulf port capacities.
Were rail centers deatroyed by enemy action, this waterway could
supply Gulf ports from Chicago and Pittsburgh duriﬁg elght months
of the year. The industrial region of Pirmingham, Alabama has
accesns to the sort of lobile via inland waterways,

Inland waterway barges are well sulited to handling war-packaszed
milltary cargo which would nermit direct transfer of heavy equip-
nent aboard ship without intermediate handling.

The Atlanﬁic ports are connected by Intraccastal waterways
from Trenton, New Jergey, to Miami, Florida, This route 1s secure
against subnarine attack and provides a flexible alternate means
of diverting export freight among major and minor East Coast ports.
The ports of New York and Neﬁ'England are served by waterways ex-
tending to central New York and the Hidwest vla the N.Y. State
Barge Canal and the Great Lakes,

In ﬁeacetime, highway transport handles approximately 50 rer
cent ¢f the foreign commerce passing thiough port tefminals, al-
thoush the percentage is mueh higher for foreign cormerce with ~
origin or destination within the port contiguous arca, Plans there-
fore need to be drawn for alternate extreme-emergency use of high-
way transport for short haul (i.e., 150 miles or less) to ports.

Vinen fast ships are used on war-shipping routes, it 1s prac-
tlcable to coordinate them with air shipments. Ex»ress-type
frelght, to be carried as declk or top cargo, is flown to the near-
est airfield and moved by fast highway transport to'shipside Just
prior to sailing. This carge ¢ uld be stowed on hatch covers and,

onn aryival, vemoved first for air transnort to destination. This

1
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practice would regulre use of special knockdown water-tight con-
tainers designed for stowing aboard cargo aircraft.

The situatlon prevailing fcr U.S. interior transport is dup-
licated at the destination ends of thé ship lenes, The ability
of ports in the United Kingdom, Western Europe, and North Africa
to receive and handle supplies and to ship them to war theaters
Presents a Complicated problem,

There “is great opportunity for alterngte planning in the
United Kingéqm, where the extensive railroad net meets the sea
coast at manj’points. This,ltogether with the many coastal inden-
tations and fhermultiplicityyof minor ports, offers considerable
flexibility in éétting suppiy ashore and transported inland,

In Western Europé, from the Pas de Calals northward, the
sltuation is unfavorable for landing deep-draft vessels except
at established ports. Transportation except from these major ports
is lacking and thls, together with the %ack of natural harbors,
makes shipping to Northern France, Germany{ and the Low Countries
difficult in wartime, _:

» The situation is somewhat morerfavorable on the PFrench coast
along the Stralts of Dover south to the Bay of Biscay, and the
interior transportaticn from %his region is better suited to un-
loading supply from déean cargo vessels by expedlient port measuﬁeé.

The ports of Europe and Africé along the Mediterranean are
favorable for war shipping movementsi the North African,interior
transportation facilities are ﬁoor bﬁt the European lines are
adequate to utilize the physical capacitles of the ports.

Summary

The capaclity of a poyt at eilther end of the supply line is
no greater than the abiliﬁy of interiog transportation to handle
supply to the port or to transport it inland., In nearly every
case surveyed, the limiting criterion in determining port capacity

was the interiocr communication system. If war shiponing is to present
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a naximum integeated movement, plans must be drawn to provide trans-
port scrvice compatible with port capacity for all major and minor
ports that will be used.

The planned emergency use of minor ports requires that im-
miediate attention be given to providing adeguate supply to alter-
nate facilities. This requires a whole new scheme of routing ex-
port freight ineluding new trunk line inberconnections between
established holding points and major-port trunk lines. The ability
to divert export freight on short notice tc any alternate port
necessitates smoothly functioning plans long before the outbreak
of war, BSuch a plan should contemplate the full utillzation of
inland waterways, intracoastal waterways and canals. A flexible
system of transfer betWeen rall and barge llnes 1ls needed to en-
sure uninterrupted supply flow in the event of war damage to pri-
mary rail lines. Needed also 1s provision for efficlent exchange
between truck, rail and barge lines. Cocrdination of air-sea
shipments should also be studied.

IV, PORT TERMINAL FACILITIES

Port terminals in time of war must be regarded not as the ends
of two systems of transportation, but rather as transfer points in’
the overseas supply pipeline, Port terminals in the past have
proved serious bottlenecks in the supply line, affecting not only
sh%p turn-around,but the number of ships required to man the over-~
seas supply routes. Thus, the_number of ships that must be built
Lo offset demonstrate&;port—terminal inefficiency affects our
whole war economy and ﬁar effort,

Compared with any other phase of U.S. industry, pert-terminal
operations are inefficient and outmoded, The major 7. . wabter-
front terminals are operated by local port authorities inder nuni-
cipal and state government ownership and control. occa. concepts
¢l the problem have dictated varied solutions, and, as a consequence,

a large percentage of our port terminals 1s funetionally poor,
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obsolete, and struecturally unsafe. The proper selection and re-
habilitation of exlsting U.3S. port-terminal facilities 1s essen-
tial if the needs of a future war are to be served.

Most of our East Coast port facilitles were Lullt 4C or 50
years agc for vessels of the 19th century, as were most oi those
of San Iraancisco, In consequence, East Coast ports, which handled
more than 50" of World War II shipping, were operationally inade-
quate to serve modern dry-cargce vessels on a high utilizatlion
basis, |

The Gulf port facilities are better sulted to serve modern
vessels, not by reason of theilr modernity but because of bhetter
functional characteristics, These facilitiés were built originally
to handle cotton, which provided a large cubic capacity. Alsc,
the natural harbors of tne.Guif favored construction of marginal
quay-type wharves,

With the exception of §an Franéisco, the West Coast ports
are the most modern and funétionally adequate general-cargo termi-
nals in the U.3. These facilitles are well adapted to the higﬁ—
output, work-managed operations so neéessary to improved vessel
turn-around in wartime., The facilitlies of Long Beach-Los Angeles
are excellent examples of flexible general-cargo terminals.

Certain inadequaciles of port terminals stem from the in-
crease in ship cargo capacity during the last 50 years; this
increase has come not by progressive evolution but as a result of
wartime construction. During World Wars I and' II, whole genera-
tions of new ships were bullt in reéord time to replaée the older
vesse;§ that were sunk; Ship capaciiy nearly doubled inVWoriﬂ
War I, and the process was repeated in World War II. On the other
hand, the East Coast terminals that were built prior to World
War I have remained in use and arc thus much too small to handle
the full cargo of a modern vessel.

For war use, only those U. S. porf terminals possessing

<
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sufficiently sound characteristics should be selected, These should

hen be rénovated for unified, ranic, mecha~ized shiploading opera-
tions. TFurther, the characteristic of a ncttional terminal capable
of supportins high-speed shin-load: iz opera.ions and fast transfer
between ship and interior transportstion should be developed as a
vital factor in efficient overseas sudply.

There are no esttblished~ahd adcepted standards and codes of
construction and funetienal characteristics for U.S, general-cargo
terminals, Studies of port~cerminal operations by the Marlitime
Commission (1946 and 1947) indicate that certain fundamental charac-
teristics are desirable 1f facllities are to complement modern shins
and %o provide fast, effi~ient operation. These characteristics
wlll be described in ordcr to establish a basis for selecting
sultable tefmiﬁals and for adapting exlsting wharves for contem-
porary needs.' _

‘ The substfucture of a wharf is substantlally the same for
bulk cargé, speclal -purbose and general-cargo facilities. The
superstructuré determines the wharf's operational use. 30l1id-fill
.}_wharves %re’Qesirable for a general-carge supcrstructure, while

wharvés‘capgﬁjé of sustalning live loads of' 600 pounds ner square .

foot are uéééésary. ' .

The superstructure of a general-carso terminal should Le Gon-
structed ﬁo enclose and support a controlled cargoggandling STk
1process.' The facility, so far és a single berth ig;éOncefned,_

should he a single self-sufficient unit capable éf éervingrthe

iargest modern dry-cargo vessel. Because ship charasterlstics
differ, ind because obtimum work processes have not been established,
:the physical characteristics of the terminals should embody a high
dezee of flexlbility.,

It was learned during World War II, throush the introduction
of cargo-hand1iﬁg equipment -- power conveyors, fork-1ift trucks,

tractor cranes, and industrial tractors and trailers -- combinea
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with controlled industrial-engineered work processes, that cargo
could pbe handled faster, with less manpower and at lower cost than
formerly, The work processes that can be developed to utilize
mechanical materials-handling equinment, in conjunction with engi-
neered operations, is well suited to termlinals possessing the fol-
lowing notional characteristics.

A. Wharf Deck Area

A single self-sufficient unit of the ideal general~cargo
terminal requires a wharf area approximaﬁely 600 feet long by 300
feet wide. This unit is most practically sulted to the marginal
or quay-type wharf arrangement. It 1s submiftteu that the quay-type
wharf arrangement is best because it offers maximum flexibility.

It lends itself to planned-work methods; it permits looping of
feeders; and it has land access on three sldes. The distance from
center of gravity of terminal work process To transportation ac-
céss and storage support is shorter. It is easler and more econo-
mical to achieve unrestricted declt loads. Méi@@enance dredging 1is
easler. There is less Interference with stream currents, less
interference in lightering and off-side loading operations from
lﬁgrges. Finally, shiphandling and maintenance problems are simpler.
When, for some reason due to loecal conditions, the construction of
at least two of these units on a quay line is not feaslble, a
double-~finger pler arrangement of two of these units placed back-
to~back is an acceptable alternate. Single piers are not con-
sidered practical for general-cargo terminals., -

B, Wharf Deck Layout

The wharf deck of the quayside terminal unit is composed of
four principal elements: a shipside apron, a single-story transit
shed, a rear loading platform, and a rear "farm” area.

(1) Apron. The wharf apron is the shipside work plat-

form, Tt should be constructed flush with the transit-shed

floor. It should be constructed to sustain a 60C-pound per

O
!
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square oot live load and Coopers E-60 rail loads, It
should not be less than 44 feet wide in the snow belt nor
less than 49 feet in warm climates.- 3pace should be pro-
vided on the apron. fer the rail of a half-portal cargo crane
and three rail traclic on the nultiple-unit quayside arrange-
ment. The centerline of the shipside rail should be 14-1/2
feet from the face of the wharf fendevr syéfém; of é feet
from the outside of the string pilece to the outer rail of
tie shipside track. The rall crossovers should be approxi-
nately 100 feet from each end of the transitv shed, The
wharl deck should be placed above mean low tide in accordance
with the following table of practical distances.

Elevation of Wharf

Average Tide Range Apron Deck Above H.L.W.

(feet) (feet)
12 + 17
11 + 16
10 + 15

9 + 15

8 + 15

7 + 15

@ + 1k

5 + 14

4 + 12

> + 12

2 S 12

1 + 12

C + 12

The apron decl: should be of a smooth hafd durahbie pavement,
with care given to minimizing unevenness of track work, A
grade of + 1 should carry across the apron to the shed face,.
Proper drainage should be provided, with radiant-type snow

and ice removal in cold climates,

(2) Transit 3hed. The ldeal transit shed for wartine

operatlon is a one-story structure that can develop the bale
cubic of the largest dry-cargo vessel and provide adequate
working 2isles, The interior floor dimensions of the shed
should be(optimun) 550 feet long and 200 feet wide, witi 1i-

nits of 500 to 60C feet length and 2C0 Lo 175 feet width.
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Thic contemplates an effective flocor-area utlll7au10n of GO’
with average 1l2-Toot tacking helght. A vertical clearance,
below trusses, of 20 feet should be provided, based on cargo-
handling-equipnent staclking capabilities, A c¢lear span with
no interior coluuns should be sought. The presence of interior
columns in a transit shed places obstacles to términal opera -
tions, which, over the life of the fterminal, far outweligh the
ex*ra cost of longs spans. Columns reduce the flexibility of
operational planning. Interior columns restrict pDreplanning
of cheds To accommodate vessels with various hatch openings,
Sheds should be fire-resistant. It 1s possible to bulld
them of fire-proof constiruction, employing thin shell concretc
construction -- a small difference in cost over conventional
fire-resistant construction, The minimum_height of shed
cargo doors should be 16 by 15 feet cleqr opening. '”hééé
doors should be gpaccd so as to be no #roater than )6 feet
0.C., with alternate interchangeable dead panels, If alter-
nate spacing 1s not used, 30 0,C. is regarded as optimum
spacing., If operationally desirable, the alternate dead
panels could be constructed o sWing up on hingés to present
a continuous opening except for wall columns along the apron,
The floor of the pler shed should normally be flush with the
apron, and 3.75 feet above the depressed rear area. It is
advantagecous to extend the + 1% grade of the'apron through
the shed from the apron to the rear platforn at + 0.75 girade,
50 that excavation at the rear loading nlatform is mininmum and
grades from rear areas to aprbn between sheds are kept small.
The surfaces cfl the shed floor should be smooth-paved
with durable paving -- preferably asphalt concrete wearing
surface -- to carry 500-pound per square foot live load and
the heaviest highway-vehicle concentrated loads. Care should
i

be trien to elininate pavement Joints which interfere with

caster-wheeled vehicles.
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Provision should be made to support a crane girder above
cargo~door portals. Exterior columns and footings should be
constructed to support semi-portal gentiry-type cargo cranes.

(3) Rear Platform. A frcight platform 16 feet wide

should extend along the rear of the transit shed for the pur-
pose of unloading freight from rail cars and trucks. This
platform should be flush with the transit-shed floor and

3,75 feet above the top of rail of parallel rail tracks.

This platform should be served by doors with nét less than a
14 feet wide by 12 feet high clear opening in the rear of the
shed., The center of platform and cargo-door copenings should
be on a line across the shed, Aceess to the ends of the
platform should be provided by ramps at the ends of the sheds,

(4) Rear Area. The 44 feet of unit width remaining at

the rear of the shed is depressed 3.75 feet below the rear-
platform elevation and 1s intended thcontain two parallel

rall tracks and room for tractor semi;trailer trucks to back to
the platform. It 1s assumed that two f@il tracks will be pro-
vided fof multiples of 3 terminal unitségand 3 rail tracks

for more than multiples-of 3 units, A discussion of multiple
units in quay-type arféngements will develop the reason for

the increased trackage.

An open area, usually referred to as the "farm" area, 1s
required to support a terminal. A large farm area is desirable,
and the minimum per wharf uﬁit should be equal to the 3C0 by
600 foct area of the unit, up to multiples of 3 units, Beyond
this, open pcrt area'at the roar of the sheds should be in-
creased in the ratio of one-half unit area per unit involved,

C. Terminal Arrangements

The individual terminal unit that has been discussed, while

operationally self-sufficient, i1z expected o be constructed in

muitiples cf at least htwe units, Palring ¢f terminal units alfords
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flexlibility for operations, management and future changes, HMarginal
wharf units should be spaced along a quay in multiples of 3 units
each, separated by 100 feet. Each 3-unit multiple should be sepa-
rated by an open berth 600 feet long through which rail tracls
pass into the rear areas. The 100-fcot separations provide indi-
vidual access from the rear to the aprons, while the 600-foot berth
provides front-to-rear rail access as well as vchicular access. A
section of 6 marginal units appears to be an ideal arrangement for
a marginal quay. If this is lncreased, the matter of rail holdir -
vards and adjacent classification yards in the port terminaﬁ rear areas
complicates the problem. In preparing a master plan, the land area
dedicated to the port should be an area equal in depth to the bherth
length for a section of 3 units; for 6-berth units, the length
should equal the quay length divided by the number of terminal units,
or 800 feet, The added width is required to provide additional
rail tracks, road width, vehicle park areas, etc,

Ir it ghould be decided %o build a finger pler by placlng units
back-to-backaia less efficlent arrangement results., The pler so

formed provides 3 berths, only two of which are workable., If

_the pler is 2 berths long, 5 berths are pr9vided with cnly 4 effec-

tive berths multiplied by an interference factor of about 0.8.
Theoretically, a finger pier should be trapezoidal in shape, so
that additional feeder flows are provided for the outer berths.

No matter how well a finger pler is arranged, the fact re~'
mains that the center of gravity of each separate work process
and the comblned operation of the several units are farther removed
from the shore slde of the shore-ship transfer operation, In the
finger pier, supply flows from the shore are in effect "recipnro-
cating", while the marginal pier permits looped or "rotary" flows,
The finger pier lacks the flexibility of the quay arrangement.
Summary

Plans for rebullding or rcplacing existing wharves in U.35.
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ports, and standards for construction of emergency war facilities,
should be prepared, based on the proposition that the most modern

concepts of port operations will be used in wartime regardless of

lncal custom, The makeshift port terminal structures intended for
“far shore" construction by C.E.C. of the Navy and Army Corps of
Englineers should be revised to allow maximum flexiblility and out-
put capacity.

The wartlme port terminals must be selected for thelr ablllty
to use the optimum work processes for loading and unloading nmlscel-
laneous cargo. The adequacles'ind flexibility of the terminal can
be assessed by comparison of 1ts characterlstics with those listed
for a notional terminal. Expedient equipment and operations methods
deslgned for use at altepnate ports In the event that established

termiinals are destroyed can be used now to increase peacetime oubput,

These mobile port units will also provide extra equipment and
trained personnel for operating war-damaged or makeshlft ports 1in

various theaters of operation,

V. SHIP TURN-AROUND AND CARGO HANDLING

The number of ships needed to sustaln an overseas m¢11tary
operation is determined by the least time in which veoselo can make
round~trip voyages. -Turn-around ftime, or round-trin voyasing time,
depequ on two factors: the spceed of wveusel, and the time spent
Ln pért Joadlng and discharging carge. The speed of the vessel
is eﬁtablished when_it 13 built. The time spent in port depends
on a eomplexity of factors: work handling, construction of cargo
holds and 1ift mear, and efficiency of port terminals, A ship
turn-arcund c¢ycle is composed of four segments:

(¥) Time in home »ort working cargo, plus non-effective

| repaipr tlmes
(2) Voyaging time to destination;
(3) Time in deétination vort worlking earso, plug renair time;

{4) Voyaging time to hone sori, N
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The non-effective time in peacetime is that réquired for normal
repairs and annual overhauling; the total of this 1s usually equal
to 20 or 30 days per year. However, during war this nonmeffectite
tiﬁe increases for various reasonsy these are best indigated by'
Tables V-1 and V-2, covering operatlons of Army and Navy vessels
dupring unfavorable and favorable periods of World War II.

The number of ships avallable for U,S, war shipping at pre-
sent together with their speeds i1s shown in Table V=3, It will
be noted that approximately 1900 vessels of ll-kmot speed comprise
approximately 70¢ of the total available tonnages. Since the slow
speed ié bullt into these vesse]?, thé only chance of improving
tum-around time is to reduce time spent in port. h

Present Amy Transportation Corps planning assumes that a
vessel engaged 1ln contlnuocus overseas supply willl spend 30 days
of each voyage cycle in port, with no distinctlon made between
fast and slow vessels. Loading and discharge of cargo at both
ends of the run occuples approximately 20 of the 30 days of port
time. " 3 '

During a favorable period in World War II, the average time
spent in working cargo in U.S. ports was 7 days per vessel. The
best average commercial port performance in the U,S. during the
War was 5 days per vessel., The average cargo-worklng time in
U.S. borts was greater than in European ports (see Tables V-4 and
V-5).

Two primary factors allowed established foreign borts to out~
perform U.S. ports: the first was better cargo-handling equipment;
tﬁe second was better }unctional characterlistlcs of the port terml-~
nals. Forelgh ports were able to use fast cargo cranes to comple-
ment ship gear, and these proved well suited to handling military
cargo. They also provided good floating c¢ranes for cargo and heavy
1ifts. None of this foreilgn cargo-handling wharf-crane equipment

is available in the U.3. The commercial floating-crane equipmént

3
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| lg of poor-quality compared with that of foreign ports and is in-
2denunte Tor fast wartime operation,

While  :te cargo-handling gear on U.S. ships ls superior té
that of the uverage forelgn vessel, both the U.S. and foreign
-vaasels musﬁ“caury_their own gear to handle cargo 1ln U,S, portsy
in nprmal times vessels do not use their own gear in ports out-
sid¢;thé .8, beciuse, in many forelgn ports, shoreslide cranes

re avilablé. Despilte the speclalizacion, our vessel gear is
not goﬁd énoughg in fact, the best gear on the most modern foreign
vessels ouﬁperforms the best gear on U,.S, v§ssels. For example,
in themopinion of some contracting stevedores, the level-luffing
'chranes on tﬂé Hugo 3tinnes Line outprerform Burton-type gear on
U.S. vessels by a factor of 2. |

Cargo Fandling

The wealkest 1linlk irn the U,3. overseas transportation system
in both peéce and war ls the transfer of miscellaneous general
cargo between vessels and land transportation aﬁ U.3, port terminals.

Our system Jf materials handling ls outmoded, costly and slow.
Our fallure to improﬁé waterfroqt ship—shore exchange operations
has reduced our intracoastal shibping'%ﬁ& has placed our merchant

¢ marine in an embarrassing competitive posltion. 7

During World War II, the Armed Forces introduced mechanical
handling equipment into the waterfront industry to the extent of
using fork-1ift trucks and pallets and portable rollecr conveyers,
The baslc scheme of operations, however, remained substantially
the same, and”the output per berth in U,3, ports varled widely
as toc tgns ber man-kour réte, time on berth worlking cargo, and
cost per ton of cargo handling. The wide variation may be attri-
buted tr the great diversity of uncontrolled work processes in-
cluding unsystematic use of -=echzirical equlpment, and the extreme
variance in terminal characteristci<s. Thus, eves rechanized

sperat.ons Were inefficient.
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The carge-handling problem is influenced by ship cargo space
and hoisting characteristics, by wharf and terminal characteristios,
and by labor work methods {see Sections IV and VI). Improvements

in cargo handling at U.S. waterfront terminals devolves on the

englneered use of mechanical equipment and on technilecally con-
trolled labor processes, all designed to transfer materials effi-
cilently between two types of transportation. A prime requlsite
1s that all U,.S3. war-shipping;poét terminals be under responsible,
single-unit operational control with each terminal functioning as
a decentralized unlt under a central coordlnated port management,
In additlon, the followlng are needed.

(1) Central Terminal Management and Control:~ The terminal,

the surrounding cpen storage areas, rall-car shifting and unloading,

—

use of mechanical equlpment, stevedoring, vessel berthing and terml-
nal management should be under a terminal superintendent. Each
terminal should have a central equipment pool, and the equipment
should be allocated and used on the basls of process studles and ; !
englneering determination,

(2) Coordinated Movements Control:;- A close coordination

should exist between terminal superintendents and a central move-
mgnts control and planning organization. Pre-stowage plans shoﬁid;
Be prepared and furnished sufficlently in advance of ship-working
operations to permit pre-planning of terminal space and pre-
organization of methods,

(3) _Mechanical Handling Equipment:- Level-luffing wharf

/

apron cranes -- track-mounted where practicable, otherwise portable
rubber-wheeled or "cat" mounted -- to assist ship gear should be ’
provided. Floating self-propelled level-luffing cargo cranes

should be furnished for working off-side from barges, lighters,

etc, The terminal's mechanical equipment should inc¢lude power-

-

driven and gravity-roller conveyors, portable cargo elevators,

-

fork-11ft trucks, tractor cranes, industrial mules, and trailers

o

-
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and elevating loaders., In addition, cargo stowers, spud-equipped
floating aprons, and cargo escalators should be developed as
requlred.

(4) Packing and Packaging:- An Armed Forces Joint committee

for standardization of paéking and packaging should be established
to control these phases of export shipments, and to standardize
design of knock-down containers and pallets (see Section III).

{5) Industrial Engineering:- Terminal operations and vessel

étowage should be under the single technical control of industrial
engineers who determine standard operating procedures, work processes,
and maxiﬁum utilizatlon of equivpment for each fterminal.

(6) Training Berths:- In conjunction with (3) and (5), train-

ing berths should be established in each port to train longshoremen

in effective use of this equlpment under industrially engineered

© work methods.

Summary

Improvement in ship t&;ﬁ:around will result only from insistence
at high level on mesurable improvement in cargo handling, which in
furn depends on efficlent management, engineered operating pro-
cedures, improved labor practilces, use of mechanical equipment,
and functional terminals, 1

Target total port time for a vessel during war should be
limitedrto 6 days in U.S. ports and 5 days in foreign’borts, if

convoy operation prevails,

VI. LABOR AND WORK METHODS

The longshore labor situation in the U,.,S, is not favorable
to improvement 1in vessel loading rates. Longshore labor here operates
on a casual employment basis under local (AFL and CIO) and inter-
national (ILA) unions. Loﬁgshore labor is controlled by lcecal union
representatives who, through hiring-hall practices, exerclse Juris-
diction over the workmen and fix the rates at which cargo is handled.

At the local level, every effort is made to sustain a larze number
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of union members. This strategy spreads the work from day to day
and keeps a maximum number of union personnel employed. Although
hourly rates are high, annual incomes are low because of the Inter-
mittent nature of employment. Long periods of control by dubilous
leadership has dgpressqd the quallty of longshore labor* to the
point where 1t ié not gdaptable to new work methods and is resistant
to the introduction of modern mechanicél handling equipment. In
consequence, the growth of the U,3. maritime industry has been
retarded, and the industry must be subsidizeg to offset the in-
duced inefficiency. Rates of cargo handling are slowed to the
peint where a vessel 1s required to remain in port a week or ten
days to discharge a full cargo, These practices carry over into
wartime.

The urgent need for- efficzent u ilization of manpower and
for rapid cargo lcoading in wartime demdnds a high degree of mecha-
nization and the decasualized employment of skilled equipment
operatoré;

There are certain localitles where labor leadership is not
80 vigorous in its opposition to the introduction of new methods
of cargo handling. These localitles are, in order: Tacoma,
Washington; New Orleans Army Base; and Moblle, Alabama State
Terminal. These terminals offer a suitable environment where
trial cargo-handling bexths could be established under Joint
military supply technicai sdﬁérvision. Here procedures could be
devised under time-study and woermanagement methods. The operat-
ing procedures so established could be used inltially to train :
military port units. Later, the established work methods could be"
transferred to civilian groups under on-the-job training programs,
During World War II, a work methods revision progrém was under-

taken on an experimerdtal basls by the Navy Bureau of Supply. The

* Recent surveys conducted on the New York watprpront showed over
)0 of longshore labor to be aliens.
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‘regults of single~operatlon trial experiments proved that dense

cargo could be loaded 75% faster at 100% saving in man-hours in
certain holds of conventional ships. It proved, too, that LST!'s
could be loaded in one-third the time, wifh labor productivity
increased by a factor of 4, when engineered methods were used.
These results were achieved under conditions similar to those of
conventional methods. ,

In 1944, the Navy Supply Depo% at Gulfport, Mississipi, con-
ducted experiments 1in loading 7> LST's alloted simlilar cargo. The
three cases tested were: (1) conventional stowageh by normal steves~
doring methods, (2) cargo 50% palletized, (3) cargo 100% unitized

using engineered carge handling. The results are shown in

‘Table V-1,

The milltary services have made studies of cargo handling at
selected privaﬁed terminals. An analysis of these studies indil-
cates the expected magnitude of man-hour rates, tons per hatch-
hour, and days required for working a ship (see Table VI-2). The
rates shown are for existing vessels with conventional gear and
current work methods. These have been compared with rates for
exlsting vessels supplementfﬁ by new-type shore c¢ranes and work-
managed mechanized terminalé. An estimate 1s also made for new
vessels with improved hold characteristics and new cargo gear.
These figures attempt to forecast the expected performance of
working cargo at conventlonally operated terminals and at termi-
hals with new operational methods and employing wharf cargo cranes.

In preparation for war, the Armed Forces are obliged to acti-
vate and to train mcbile overseas port-operating units at every
level -~ from port headguarters to hatch gangs. It 1s necessary
that enough units be activated to conduct experimental cargo-handl-
ing exercises of a new charaster in order to establish the pattern

for fast ship turn-around hoth in the U.S. ahd oversees.,
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 Summary’

War manpower utillzation studies of waterfront labor, as it
affects war shipping, should be made, These studies should con-
template the more effective use of manprwer In cargo-handling,
particularly in connection with mechanical equipment. Every at-
tempt should be made to ensure a stable longshore labor element,
with decasualized employment aﬂd with pronounced individual work
incentive. Consideration should be given to more direct control
of waterfront by terminal management. .

The materials-handling techniquesrperfected elsewhere 1in U.S.
Industry should qe adapted to and utllized by the marine industry.
Civilian pért précedures should be adJusted to these new opera-
tionsg, the transition being made by initial use of military units

for tralining purposes.,

VII. CONCLUSIONS

A. New Fast Ships:- New fast ships should be bullt now at a tar-

get rate reasonably estimated at 150 vessels per year., These new

ships should be as fast as practicable, constructed for world ser-
vice, fitted with new types of cargo-handling gear and hold arrange-
ments, and equipped with improved listening gear and a weapons

system.

B.__Port Dispersal:- Immediate action should be taken to place
minor U.S. ports in‘a state of readiness to handle war shipping in
ease any major ports are rendered ineffective, Studies should
be made of port conditions in allied countries in order to esti-
mate their wartime capabilitlies, Cooperation of Atlantic Pact
nations 1s needed to ensure sufficient emergency ports in condi-
tion to support war shipping.

C. Interior Transportation:- Interior rail transportation nets

supplying export freight should be readjusted to rermit rapid re-
routing of shipments to or from any combination of ports and to

or from any hinterland locale. Plans should be made to utilize
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inland waterways to improve port capacities and to provide alter-

nate emergency avenues for export freight.

D. Porf Terminals:- Only those U.S. port termlnals with suffi-

cient sound characteristics should be selected for wartime use,
and these should be renovated to complement modern vessels. The
characteristics of a notional terminal to support high-speed ship-
shore transfer operations must be developed as a standard.

Mobile port units should be organized and developed. They
should be equipped with modern cargo gear to operate ports under
war-damage conditions in either the U.S. or an overseas theater.

E. Ship Turn-Around and,Cargé Handllng: - Improvement in port

loading and discharge times by a factor of two could be achleved
uslng the best practices now in existence, This weculd permit
fast vessels operating between the eastern U.S, and Europe to
average twice the tonnages obtalined under the best performance in
World War_II with Liberty and Victory vessels. The greatest sav-
ings 1n overseas-supply transportation can be achieved for the
least cost in materials, manpower and money by improving the sys-
tem of cargo handling in ports.,

xtraordinary measures should be taken to reduce ship turn-

1 around time by mechanizipg cargo-handling operations at port termi-

nals, by using skilled labor, and by standardizing paclking and
packagiﬁg of supply for overseas shipment.

Cargo-handling operations in all military-base port terminals.
should be mechanized at the earliest practicable date. The tran-
sltlon now would form the basis for periecting an engineered work
system Intended for wartime use.

F. Labor and Work Methods:- The longshore labor situation should

be thoroughly studied and reappraised with a view to instituting a
system of continuous employment in wartime. A plan for eliminating

the hiring-hall and the gang system should be in readiness for
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implementation in case of war, Training of waterfront labor in
use of mechanical cargo;héndling equipment under engineered work

methods 1s necessary.
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TABLE III-1
CAPACITY OF RAILROADS FOR HOLDING EXPORT FREIGHT IN CARS
WITHOUT INTERFERING WITH CURRENT OPERATIONS(a]
(NORTH ATLANTIC PORTS) o
Within Outside Miles
Port Area Port Area Holding from
Port Road Cars Cars Point Port
Searsport, BAR 398 15 Sandy Point 7
Malne 46 Prospect. 11
33 Frankfort 16
44 Winterport 20
47 Arey 25
8 Hampden 26
TOTAL za8 195
Portland, CN 258 0
Maine PT 5 0
TOTAL 100 0
Boston,Mass. | B&A 781 0
B&M 1200
NH 1575 1050 Readville 10
130 Mansfield 25
130 Attleboro 32
TOTAL 3556 13161b)
New Bedford, | NH 63 0
Mass.
Providence, NH 500(b)' 0
R.I.
New London, NH 140 0
Conn. cv 225 0
TOTAL 205 (0]
New York B&0 (SIRT) 750 0
(includes CNJ -B&0 1400 0
Port DL&W 1500 500 Seranton 152
Newark, N.J.)| ERIE 1325 0
H.M. 210 0
Ly 1500 200 3. Plainfield 26
NYC%WS)(O&W) 2941 0
NYC(Manhattan) 810 0
NH 300 Lno Cedar Hill 70
NYOS&W (see NYQ) Tl Cornwall 52
; 900 Middletown 79
i 4ol Cadosia 160
I PRR 3000 1226 W. Morrisville 56
| TOTAL 13765 3701
Philadelphia B&O k50 100 Wilsmere, Del, 29
50 Twin Oaks, Pa. 3z
PRR 2600 0]
RDG 21.00 0
TOTAL 5150 50
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Table III-1 (NORTH A'TLANTIC PORTS, Cont'd,)
Within Nutside Miles
Port Area Port Area Holding from
Port Road Cars Cars Point Port
Camden, N.J. PRR 50 0
Baltimore, B&O 1h00 350 Brunswlck, Md. 72
Md. Canton 800 0
PRR 1500 0
WM 1140 60 Emory Grove, 22
TOTAL 10 .
Hampton ACL 282 0
Roads C&0 5000 0
N&w 3700 0
NS 50 4]
PRR 0 0]
Seaboard 100 0]
SOU 250 0
VGN 00 0
TOTAL IB%BE 0
(SOUTH ATLANTIC & QULF PORTS)
Wilmington, ACL 250 0
N.C. SAL 172 0
TOTAL 22 0
Charleston, ACL 500 0
S.C. PUC 300 0
SAL 0 0
30U 800 [¢]
TOTAL 1600 0
Savarnnah, ACL 350 0
Ga. C of G
(Inc. Sou.) 1137 0
sgL 225 0
S&A 0 0
TOTAL T?gﬁ [+]
Jacksonville, | ACL 600 0
Fla. FEC o} 0
MD&T 248 0
SAL 129 0
S0U 150 0
TOTAL IT%? [}
W. Palm West Indles Fort Plerce
Beach, Pla. F&S Co, 200 {ed (FEC) 57
Port PE Belt 350 300(c) | Fort Pierce(FEC)|100
Everglades, Line 60 Fort ILauderdale
Fla. TOTAL 350 Z50 (8AL,
Miami, Fla, FEC 294 0
MD&T 0 0
SAL 50 o]
TOTAL 34 0
SECRET C-i4b




SECRET

Table III-1 (SOUTH ATLANTIC GULF PORTS, (Cont'd.)
Wifthin Outside Miles
Port Area Port Area Holdlng from
Port Road Cars Cars Point Port
Tampa - ACL 800 0
Port Tampa SAL 200 0
Fla. TOT L T300 (o]
Pensacola, L&N 884 0
Fla, StL&SF 389 [¢]
TOTAL 1575 0]
Mcbile, Ala. ATE&N 150 30 Chickasaw 5
GM&0 400 0
L&N 400 0
Tml.Ry. ASD 300 0
S0U 200 0
TOTAL 1150 %0
Theodore, Ala{ L&N 200 0 (d)
Gulfport ,Miss] LaN 0 0
IC 3#% [¢]
TOTAL 0
New Orleans, GM&O 150 0
La, IC 1862 0
L&A 200 0
L&N 350 0
L.S. 115€d; 0
NOLC 365(d 0
NOPB 600 0
S0U 500 150 Picayune, Miss, k7
T&NO Tl 52 0
TP-MP-Tml. 12%5 0
TOTAL 5169 150
Lake Charles, | T&O 190 0
La. MP(Inc. KCS) 0 0
TOTAL 150 0
Beaumont, Tex ] T&NO 145 0
MP 0 0
GC&SF 100 o]
TOTAL 255 0
Texas City, TCT 500 0
Texa
Houston, Tex. | BRI 0 11 Tomball 32
150 Teague 151
IGN 1120 0
PTRA 250 0
T&NO 280 0
MKT 200 0
HB&T 200 0
GC&SHF 0 0
TOTAL 2050 260
SECRET ¢-lic
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Table III-1 (SOUTH ATLANTIC & GULF PORTS, Cont'd.)
Within Outside Miles
2ort Area Port Area Holding From
Port Road Cars Cars Foint Port
Galveston, Tex. BRI 400 0
GHgH 698 0
GW 840 0
GC&SF 900 473 (60 Texas City 11
Jet.
(72 Arcadia 20
110 Rosenberg 66
70 Sealy o5
l 100 Bellville ' 105
61 Beard . 105
T&NO E 150 0 :
TOTAL ‘ 2088 573 :
|
Corpus Chrilsti, GCeT ! 0 0 \
Tex. T&NO ; 0 0 :
StLB M ‘ 0 0 l
T-M f 150 0 ;
TOTAL % 150 0 i
Brownsville, StLB&M ' 0 300 Brownsville Yard{ 10
Tex. P&INO i 0 0 :
Brownsville
Nav. Dist. 175 0
TOTAL 175 300
(PACIFIC COAST PORTS)
San Diego, AT&SF 190 60 National City 5.6
Calif. SD&AE go 0
TOTAL 260 60
Los Angeles, AT&SF 150 0
Calif. port H.B. 1000 0
area, inc. 3.P. 350 0
Long Beach. P.E.(e) 1225 0
U.P. 5 0
TOTAL 3975 0
San Francisco
Bay Area [
ATSF W.Bay Dist. 90 0
E.Bay Dist. 4 e}
TOTAL AT&SP 2%1 0
SP W. Bay Dist. ‘ 990 0
E. Bay Dist. 600 o]
TOTAL SP 1590 0
WP W. Bay Dist. ' B2 0
E. Bay Dist. i 651 0
TOTAL WP ! 6R2 o
State Belt i
W. Bay Dist. ' 580 0
i
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Table III-1 (PACIFIC COAST PORTS, Cont'd.)
Within Outside Miles
Port Area | Port Area Holding Fron
Port Road Cars Cars I Point Port
Alameda Belt f
5. Bay Dist. 200 0 -
TOTAL SAN FRANCISCO . '
BAY AREA .; 7776 0 .
Stockton, Calif. AT&SF 121 468 , Riverbank 25
SP 0o |
WP 250 i i
POTAL 771 i 368 | !
t N
Portland Ore. : i
Area (411 Columbia ! ! ' |
River Ports) 1 :
Ka%ama. Wash, !
Joint GN-NP-UP) [ 30 0 ;
North Pac. Tul., | _
Portland ' 450 0 »
Peninsula Terminsal, ’ ! :
Portland ! J 40 0 | |
SP, Portland i i 192 o !
SP&S, Portland i i 50 100 - E. St. Johns 2 1
SP&3, Vancouver i 50 0 !
LP&N, Longview i 0 0 !
UP, Portland i %00 270 | Hemlock 5C 16|
1 % i Wyeth 100) | 0
; i Celilo 50 97
; ; ! Dune 70) a2
POTAL - Portland . | ; :
and Vicinity : j 112 | =70 !
. S A AU S : j
1
(PUGST SOUND AREA)
- S A : ce o
Aberdeer., Wash. [P only | 0 l 75 | Aberdeen Jct. I =
Joint NP-UP- | ;
CM3tP&P 1.00 ; . ;
; TOTAL ! 100 i 7o ;
Anacortes, Wash.} GN i 5 i o i
Bellingham, . CHSL2 4 i 0 0
Wash. : GN 25 i 0 :
‘NP i 15 ! 0 ‘
fPOTAL : 40 ; 0 '
Everett, Wash.  ClIStP&> 0 . 0
-GN 50 PoEs0 Goldbar (Avail. | 23
j also for Seattle |
I R ' frt.) ‘
2 =0 0
POTAL 8C . TS
Olympia, Wash. Np G5 i Z0 Lacey ! 5
; 28 Belmore 15.7
UP 50 )
POTAL 115 b=
i
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TABLE III-1 (PUGET SOUND ARFA, Cont'd.)
Within Outside HMiles
Port irea |(Port Ares Holding From
Port Road Cars Cars Point Port
Seattle, Wash. CMStP&P 200 95 | Black River (Avail. 9
also for Tacoma
frt.)
GN 300 %50 | Goldbar (Avall. GO
also for Everett
frt.)
150 Richmond Beach f
NP 500 102 | Auburn(Avail.also
for Tacoma frt.)
PC 84 0
U? 150 0
TOTAL 1235 @97
Tacoma, Wash. CMStP&? 150 05 1Bleck River(Avall.| 28
GN 132 0 also for Seattle
frt, )
FP 225 102 | Auburn(Avail.also 18
UP _5C __ 0 |for Seattle frt.)
TOTAL 558 197
iag ASSOCIATION OF AMERICAN RATLROADS - Office of Manager of Port Traffic.
b The 500 car capacilty at Providence can be used to hold Boston export
1f needed.
(¢) The 300 car capacity can be used to hold W. Palm Beach export if
needed,
éd} Explogives only.
¢} Includes Municipal Ry. trackage Long Beach, worked by PE.
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TABLE V-3

U.S. OWNED OR CONTROLLED COMMERCIAL-TYPE DRY CARGO VESSELS

Speed Range No. Ships Dead Weight Tons
Over 16 knots 365 3,660,000
14 to 15.9 knots 500 4,790,000
12 to 13,9 knots 35 188,000
Under 12 knots 1,927 20,102,000

Total 2,827 28,740,000
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TABLE VI-1

EXPRRIMBNTAL LOADING OF 3 LST'S

(1)

(2)

(3)

: Conventional 50 Per Cent 100 Per Cent

Item ! Operation Unitized Work-Managed
Per cent unitized 13 65 94
Weight tonnage (2240.) Th1 937 914 .5
No. of unit loads 50% L76% 638*
Hatch-hours 62-1/2 31-1/2 27-1/4
Man-hours 922 693 288
Long tons/hatch-hour 12 29.5 33.5
Long tons/man-hour 0.8 1.35 3.16
Cost/ton ! 71,25 10,7 20,30

'
i

*P,T, Motor considered one unit load
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GRrRour "B":

Ports having estimated

ronc-chipment capaclty of less
than 100 carloads per day.

ANNEX A (co

nt.)

ESTIMATED CAPACITY FOR HANDLING GENERAL CARGO AT PRINCIPAL U, S, PORTS
(Not Including Bulk Graln, Bulk Petroleum Products c~ Coal

AS OF OCTOBER 1,

1949

TRANS-SHIPMENT CAPACITY

R.R. STORAGE CAPACITY

HOLDING CAPACITY FREIGHT
IN CARS WITHOUT INTERFERING
WITH CURRENT OPERATIONS

Max.Daily Peak Covered | Open Piers Within { Outside
Unloadings | Unloading Recorded [jPiers and Ground| Total [ Port Port
C/L's Total cars | In Month [|C/L's C/L's C/L's || Arsa Area Total
NORTH ATLANTIC PORTS Serving R.R.'s (1) (2) (3) (%) (5) (6) (7) (10) (11)
New Bedford, Mass. NH 25 - (a) 0 0 0 63 0 63
Providence, R.I. NH 50 55 11/b4 0 114 11% 500% 0 500%
Portsmouth, R.I. NH 25 -- (a) 0 0 0 * 0 *
Davisville. R.I.(Navy) |[NH 50 790 2/hh 0 o] 0 0 0 o}
New London, Conn. NH-CV 90 87 3/46 100 350 450 365 0 365
New Haven, Conn. NH 25 140 3/hY 0 50 50 250 0 250
Bridgeport, Conn. NH 25 114 3/ 0 0 0 [¢] o] 0
Poughkeepsie, N.Y. NYC-NH 10 129 4/44 o] [o] 0 75 0 75
Albany, N.Y. (Note 8) ¥C-D&H-APD 10 - (a) 0 0 0 300 0 300
Wilmington, Del. B&0-PRR~RDG 60 .- {a) 0 60 10C 200 330 530
TOTAL 370 140 574 714 1,753 330 2,083
SUUTH ATLANTIC
GULF PCRTS
West Point, Va.(Note 1) [SOU -- -- (a) 0 0 [¢] (a) - -
Morehead City, N.C.
(Note 1) A&EC - - (a) 0 0 0 (a) -- -
Brunswich, Ga.(Note 1) |ACL-30U - -~ (a) 0 0 0 (a) .- -
Ft.Plerce, Fla.
(Notes 1&2) FEC -- - (a) 0 0 0 (a) -- -
Fernandina, Fla.{Note 3)|SAL 10 293 /| o 0 0 (a) -- --
Pt.St.Joe, Fla.(Note 4) |AN 25 - (a) 0 100 100 250 0 250
Panama City, Fla.
(Note 5) A&S+AB 30 1,783 10/47 0 187 187 95 1,828 1,923
S.Boca Gr., Fla.
(Notes 1&5) sar, -- -- (a) 0 0 0 (a) -- --
Pascagoula, Miss.
(Note 1 L&N-ME -~ -~ (a) 0 0 0 (a) -~ --
Braithwaite, La.(Note 6)|LS 75 433 /49 0 0 0 115 0 115
Lake Charles, La. KCS-MP-TNO 40 450 7/45 0 0 0 190 0 190
Beagg?ﬁitTgifnge& GSCF-KCS-MP-TNO 50 900 7/45 0 0 o] 245 0 245
Texas City, Tex.(Note 7)|TCT 25 183 7/45 0 750 750 500 0 500
Corpus Christi, Tex. CCT-MP-TNO-TM 40 58 5/44 [ 0 (o} 150 0 150
Brownsville, Tex. BND-MP-TNO 50 294 8/49 80 4o 120 70 208 278
TOTAL 245 80 1,077 1,157 1,615 [ 2,026 2,651 |
(a) No re-:ord available. * Also avaiiable for Besten and Portsmouth holdings.
Note 1: No facilities for hauling expert or import general cargo in quantity.
Note 2: Ft. Pilerce, Fla., has privately owned smali wharf on which 1s located a cooling plant.
Note 3: Fernandina has a small wharf suitable for handling phosphate rock.
Note 4: Pt.St.Joe has 1 wharf 100° x 300' used by tankers for unloading casec¢ pctroleum products.
Note 5: Facilities ownad by Int. Paper Co.
Note 6: Phosphate ore explosives only.
Note 7: Not including freight ir cars via seatrain.
Note §: Grain only, handled in recent years - general cargo facilities having been lzased to governme:ut.
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ANIEX A

ESTIMATED "THROUGH-PUT" CAPACITY U. S. PORTS (EACH 24 EOQURS)

GRAIN
NORTH ATLANTIC PORTS: General I (OOO)
Cargo i Bushels i Coal
GROUP A Snhort Elevatoer Cars to Gross
Tons to Shibs Elevator Tons

(Note 1) (Note 2) (Note 2) (000)

Searsport, Me. =, 500 0 - 0
Portland, Me. 11,125 336 | 260 ; 0
Boston, Mass. 12,825 Lhg =00 % 0
NY Harbor ;
(Inc. Pt. Newark) 1,750 82C& 540 ! 726
hiladelphia 12, 500 1,400 2R0 % 5
Baltimore, ld. 12,500 2,100 1,220 ; qR
Hamston Roads, Va. 21,250 ‘_268 290 16O
TOTAL (A4) i 120,450 5,378 419

]

AN
U

20

@)

GROUP B (Smaller Ports)

New Bedford, Mass. 3 0] 0] i 0
Providence, R. I. L,250 0 0 i 0
Portsmouth, R. I. 625 0 0 2 o
Davisville, R. I. (Navy) 1,250 0 o | o |
New London, Conn. 2,250 0 0 ' 0 |
New Haven, Conn. 625 o} 0 0
Bridgeport, Conn. 62 O 0 0
Poughkeepsie, ¥. X. 250 0 0 O
Albany, N. Y. 250 1,400 Loo 0
Wilmington, Del. 33299 0 ___9 _iz
TOTAL (B) 9,250 1,400 400 0
TOCTAL 14,700 E,778 7,980 419
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ANNEX A (cont.)

GRAIN
[ SOUTH ATLANTIC AND GULF PORTS: | General | (000) |

Cargo Bushels Coal
GROUP A Short Elevator Cars to Gross

Tons to Ships Elevator | Tons

(Note 1) (Note 2) (Note 3) | (000)
Wilmington, N. C. 27 o ] o | 118
Charleston, 3. C. ;500 0 0 *
Savannah, Ga. 7,600 0 0 0
Jacksonville, Fla. 8,000 0 0 o
Miaml, Pt. Everglades,

Palm Beach 5,000 0 0 0

Tampa, Pt. Tampa, Fla. 2,775 0 0 0
Pensacela, Fla.- 6,000 0 0 14
Theodore, Ala.

(Explosives only) 2,500 0 0 0

Mobile, Ala. 7,500 0 0 14
Gulfport, Miss. 2,600 0 0 0
New Orleans, La, 6,250 420 600 7
Houston, Tex. 10,000 1,400 480 *
Galveston, Tex. 8,100 1,400 900 ¥
TOTAL (A) 10%,600 3,620 1,980 52
GROUP B (Smaller Ports)
Fernandina, Fla. 250 0 0 0
Port St. Joe, Fla. 625 0 0 0
Panama City, Fla. 750 0 0 0
Braithwalte, La. 1,87 0 0 0
Lake Charles, la. 1,000 0 0 0
Beaumont, Orange and

Pt. Arthur, Tex. 1,250 280 (P5.A)18C (Pt.A)T
Texas City, Tex. £2, 0 0 0
Corpus Christi, Tex. 1.000 -0 0 0

—
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ANNEX 4 (cont.)
GRAIN
SOUTH ATLANTIC AND GULF PORTS: 1 Generel (000) !
It - -] Cargo Bushels Coal
GROUP B (Cont.) Short Elevator Cars to G.oss
Ton*- to 3hips Elevator [Tons
(Nobn 1) (Note 2) (Hotc 3) (ooo)
ctrTm oo - ~ - b i s T o T T T Ty T T T I T T T R
Brownsvi;le, Tex. l,AJO 0 0 0
TOTAL (B) 3,625 280 100 7
POTAL 112,225 =, 900 2,160 i 60 |
e S e - =Tz r‘ TTIER=T T TR -:’—“'r-“;i
PACIFIC COAST PORTo .
i
San Diego, Calif. i 75 ob -~ 1
Los Angeles Harbor i
(Inc. L.B. and 3.7Pedro) {11,000 77 - 6
Port Mueneme, Calif. (Navy) E 5,400 0
San Francisco Bay Area i 1,900 771 180 0
l
Stockton, Calif. ! 2,500 0 0] 0
Portland, Ore. and Columbia
River Ports 12,500 389 920 4
Seattle, Wash. 12,000 210 160 5
Tacoma and Olympia, Wash. 4,000 140 200 0
Other Fuget Sound Ports z,125% 0 0 0
TOTAL , Q0 L,771 1,560 16
Eg_i*’f'i - P — ey TIInT T I g Pt =y —
GRAND TOTAL dll U S Ports “41,2?5 lc,449 (,(OO 4qy
* Emergency only. By clam shell
Note 1 - Revnresents Hax. Transshipment Capacity in Carloads
Estimated at 25 Tons per car
Note 2 - Represents Hourly Capacity for Delivery to Ships
Mult” >lied by 14 Kours out of each 2
Note # - Renresents Hourly Capacity for Unloading to Elevator
duiciplisd by 20 Hours cut of each 24
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ANNEX D
INVENTORY U.S. OWNED OR CONTROLLED DRY CARGO VESSELS (1950)* t"
Deadweight Sea Speed i
Vessel Types Number {tonsi (knots) :
Total Fast 305 3,060,000 over 10
Vietory VC2-S-APZ3 96 17
ca2-~su 3} 16
C2-3-A1 2 16 1/2
c7 141 16 1/2
Clh 27 . 17
Not Classified 8% 16 to 20
Total Intermediate Fast 500 4,790,000 14 to 15.9
Cl-A (B etc.) oh 14
ce 200 15 1/2
Victory VC2-5-AP2 177 15 1/2
Not Classified 29 14 to 15.6 .
Total Medium Slow 25 ) 188,000 12 to 15.9
Total Slow 1927 20,102,000 Under 12
Liberty EC2 N 11
CL a8 10 te 11
Not Classifled 54 to 12
Grand Total 2827 28,740,000
*¥U.S5. Maritime Administration Reports #190 of June %0, 1990;
March 31, 1950.
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APPENDIX E
HARBOR DEFENSE
(Note: This Apvendix should be read in conjunction with Appendix F,

Mines and Mine Countermeasures)

I. INTRODUCTION

The present survey ls not an exhaustive examinatlon of our
present harbor-defense system, but, rather, 1s intended to empha-
size the most Important needs of such a system.

The primary function of harbor defense 1s tc provide a zafe
haven for ships in time of war. This must include safety from air,
surface, or subsurface attack that employs elther conventional ex-
plosives or atomic weapons. All harbors need not be defended
against all weapons, of course, for many are endangered by only a
few threats, elther because of great dlstances from enemy bases
or because of other factors. However, an effective harbor defense
is prepared to counter any contingency by utilizing any or every
measure and countermeasure (and any combination of these) in all
important harbors at both ends of the supply routes.

Harbor defense 1s not primarily a matter of research and de-
velopment. It 1s, instead, a matter of fusing diverse organiza-
tions -- Navy, Coast Guard, Corps of Engineers, local port autho-
rities, and others -- into a homogenous working structure, and of
adapting existing devices from many fields -- sonar, radar, AA, mine
warfare, oceanography -- into . coordinated yet flexlible system.
Again, these concepts must apply equally at the destinatlon ends
of our overseas supply routes.

In peacetime, the various port and harbor-defense functions
are the responsibilities of several agencies. Thls heterogeneity
of organizations in peacetime makes difficult an over-all plan
for harbor defense, for division of responsibility, and for coor-

dination of separate functions. Yet the Navy, which has the

responsibility of harbor defense in time of war, must assume much

SECRET E-1
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of that responsibility in time of peace since an integrated system

of harbor defense must be in ex}ﬁtence beforgAthe ocutbreak of war

and must be ready for activation at short notice. Therefore, not

only must the over-all plan be prepared, but the responsibilities
must be clearly allocated to the various functioning groups. Each
group not only fulfills its own function but is cognizant of 1its
interrelationship with other groups. I.gulpment must be ready and
avallable, and the systems tested under the conditions to be en-
countered.

The proposed plan to establish a system of alternate and emer-
gency ports (see Appendix C) implies the need for certain stan-
dardized equipment and operatlions if shipping is diverted on short
notice,

Whatever the type of attack weapon, an efficient harbor de-
fense system should embody the following baslic features:

1. Radar navigation system;
2, Harbor surveys

3, Simple standard equipment;
4, Harbor-control center.

It must be emphasized that defense in depth, including dis-

persal of port facllities, is the only defense against atomie

attack,

1T, RADAR NAVIGATION SYSTEM

In addition to the normal peacetime uses of a navigation sys-
tem, there are, in wartime, several other necessary applications,
Ships must be guided through defensive mine fields, along channels
that have been cleared of enemy mines, and past areas in which
enemy mines are known to exist but have not been removed. Mine
location and destruction teams must be directed tc the spots where
mines are suspected to lie, while mine sweepers and patrol craft
must be supplied with the best navigational information nossible.

All these functions and several others could be performed by a

SECRET E-2




SECRET

unified radar system. Sa-h a system would consist of a radar net-
work covering the harbor and its approaches. The information gath-
erecd by the individual radars would give an accurate map of the
harbor, with the locvatlon of ali ships present at any particular
time., This information weould then be relayed to a harbor-control
center and to ail shipg entering or leaving the harbor, with a

video overlay showing the location of shipping channels, obstructions,
possible enemy mine logcations, and other danger areas. If it were
not economi.:ally feasible for all ships to carry receilving equip-
ment, the harbor pilot :could carry a small portable set on board

when he picked up the ship. The recelving equipment, which would

be very similar to a television receiver, could be bullt into an
easily portabie, suitcase-sized equipment. In operaftion, the scope
would present to the operator an actual map of the harbor, showing
ship channelis, danger areas, the position of his own ship, and the
location of all other ships in the harbor. (It may be that a "talk-
in" system such as Is used in GCA wili be the nost effective. Such

a "talk-in" syatem will be very effective in preventing disclosure of
our c¢leared channels. The shipborne equipment required is very sim-
ple, in this case consisting of a radio recelver and a rudimentary
radar heacon.)

The equipment and knowledge necessary for such a system is al-
ready in exlstene<; a small amount of development and a large amount
of production is all that iz required. The radar set would probably
be a rapid-scan, narrow-beam radar similar to the AN/MPG-1, although
a somewhat Zarger sector of scan would be desirable. The reselver,
likewise; should not present any great difficulties, for portabie

equipment similar to this has already been developed, and a satis-

s}
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The radar netwdrk would be -~apable of other duties; in parti-
cular, it zhould bz wussful in tracking mine-laying alr-raft and in
plotting mine drops. Ths latrter zpplication would he ezpecially
valuable, sipnce the problem of mine location and destrustion would
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ke made casl-r bV an ovder of magnituds 1f mines could be iocated
roughhy by this means:, Althougn British tests* of radar mine
wat~hing gave poor resulits, commerzial marive radar sets ¥ :re used
in the tests. Since the AN/MPG-1 can observe the splash of a 6-
inech shell at 20,000 yards, comparable range on mine splashes
should certainly be atbtainable.

The location oZ the warious stations will present some prob-
lems sinze, in many cases, it will not be possible to have shore
installations. Particulariy in those waters that are imminently
threatened by mining, the shipping channels will extend beyond
sight of land, and many harbors are so located that optimum loca-
tions for radar sets are not available on shore. For these rea-
sons, thought must be given to mounting some of the radar sta-
tions cff-shore, probably cn mocred vessels of some sort. {Con-
sideration must also be given to making it difficult for the
enemy to use These =ets as navigational alds for hls own purposes,
Since the sets are mobiie, and dummy stations would be easy to set
up, such consealment should not be difficult (see Appendix D,
Section IV). In any case, this is only a secondary consideration,
for the enemy will probably be able to DF on more convenient
signals.

ITI. HARBOR SURVEY

Before any full-scale war starts, shipping channels must be
planned and prepared, both in primary and secondary harbors, es-
pecially in those that are obvious targets for an extenslve miniug
campaign. Harbor defenses oust be so situated as to give the

best possinle protection; this reguirement must be observed in

the locating of shipping ¢hanmels, The proper placement of shipping

channels 1is also necessary to facilitate the mine-countermeasure

effort; =ince the tvype of bottom is of prime importance in this
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respect, a bottom survey Is an essential component of a harbor
gsurvey. The bottom survey would be useful in another respect:
it would serve as a means of trainung mine-location crews and of
testing their equipment.

Such surveys are being pursued in a limited fashlon, but the
present scale of affortl is entirely inadedquate., This information
is needed for all harbors, both here and abroad, that we intend
to use 1in a future war; 1t is needed immediately.

IV, EQUIPMENT

The Low Report has stated that present harbor-defense plans
seem unrealistically expensive and complex. Whlle Project Hart-
well has not made an exhaustive study of all equipment used in
present plans, it would seem that this conclusion is justified.
However, the giltuatlon seems capable of lmprcevement in many res-
pects. Some 1fems of squipment, such as heralds, UOL, and con-
trelled mines, seem unnecessarily expensive, Less-expensive models
are feasible, and reduction of unit costs would make possible a
wider application of these useful devices. Another advantage
that might easlly acecrue is that the reduction of complexity may
well lead to increased reliability.

The entire situation of defensive mining should be examined
eritically, since, with the lmproved navigation that the proposed
radar network would afford, wider use of defensive mines in harbors
should be possible.

Defensive nets arcancther important link of the harbor-defense
system., The ideal net should be capable of stopping both sneak
craft and full-sized submarines; this implies a reinforced tor-
pedo net, probably with 2zplosgive charges attached. Since nets
are relatively inexpensive, they are useful for defense in depih.

V. HARBOR CONTROL CENTER

For effective integrition of harbor defense, a conirol center

that can handie both routine and zombat information is required.

SECRET E-5
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The information gathered by the radar netwerk, listening stations,
patrol craft, and other agencies would be relayed to the center,
so that a central plot of harbor activity could be kept. The cen-
ter would consist of several sections: traffic control, which
would handle the shipping traffic entering and leavling the harbor;
mine control, which would coordlnate the mine-warfare effort;

and a combat control, which would concern itself with the defense
of the port against sneak craft and ali attack. (See Annex A,)

It is evident that the radar network is an essential element
of the system, since 1t acts as the main information source of
the shipping and mine-control sections. These two sections must
be closely coordinated, for the routing of shipping must take cog-
nizance of the mining'threat° If mine watching by radar proves
as feaslble as evidence indicates, ships could be routed past un-
removed mines 1n the channel, or warnad of the possible existence
of mlnes near the channel. O0f c¢ourse, allowance must be made for
underwater travel by the mine, but lIn relatively shallow water near
channels this uncertainty will not be large.

The combat control center may need to be a more comrlex sec-
tion, particularly if it ls to include alr defense. While alr de-
fense may not fall loglceally under direct harbor command, it is of
such Importance to harbor and mine defense that it must not be ex-
cluded, Furthermore, in those ports that are in danger of m.ning
from the air, the defense area will extend far out to sea. While
some doubt has been expressed concerning the extension of harbor-
defense functions beyond the immediate vieinity of the harbor, in
some cases such extension is necessary.

In continental U.S., harbors, the control center need not be
80 elaborate as that outlined above, for there is less need for a
mine-defense sectiown than in overseas harbors., As in all phases of
harbor defense, the needs of each individual harbor will govern the

requirements of the contrcl ¢enter. The lmportant fact is that the
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harbor control center is a vital part of an Integrated harbor-
defense systenm,

VI. HARBCR DEFENSE HANDBOOK

Harbor defense, by 1ts nature, must be flexible and adapt-
able, and any scheme must contemplate the use of varicus combi-
nations of component equlpments and methods. A comprehensive
catalogue of harbor-defense equipment 1s thus a necessity. No
such cataliogue exists.*

A complete harbor-defense handbook should be compilled, con-
talning a listing of all equipment relating to harbor~defense,
including equipment in development as well as that already in
exlistence, Also included should be ltems that are necessary and
feasible but whose development 1s not presently under c¢onsidera-
tion. Under each item there should be a comprehensive descrip-
tion of its capabilities and 1imitations; with its cost and
availability at the time, The handbock should not be regarded
as a manual of harbor defense; it should rather serve as a means
of suvpplylng those responsible for harbor defense with informa-
tion on the status of relevant equipment and its potentialities,
For thls reason, the handbook should be loocse-leaf, to allow for
removal of obsolete data and insertion of new information.

Another important feature of the handbook should be a sec¢c-
tion of examples showing how the varlous items of equlipment might
be combined, under a variety of eircumstances, to provide an
integrated harbor-defense system. This particular aspect of har-
bor defense should be more fully emphasized, for integration of all
phases of harbor defense is nezessary to provide maximum protec-
tion at minimum cost.

The initial compllation of such a handbook should not be a
difficult task, ncr should it require a great length of time.

In its prepavatlion, an imaginative and original voint cf view is

* There ls, however, a handbook listing mine-countermeasure equio-
ment only.,
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essential, particularly in presenting the most usable and compre-
hensive information for alloying many possible components into in-
tegrated harbor defense systems.

VII. DEFENSF AGAINST ATORIC WEAPONS

In planning the defenses of harbors and ports, the probability
of an enemy’s use of atomic weapons must receive thoughtfual =on-
slderation. Unfortunately, it 1s far easier to predict the damage
than to suggest means of defense; defense in depth must be a
gulding principle for any specifie harbor. But over-all jlefense
against atomic weapons delivered by any means 1s impossible,
Thus, one course rema .ns: we must disperse our ports, and replace
our present antiquated and vulnerable facilities with modern flexi-
ble units (see Appendix C).

The extent and nature of damage from atomic weapons will de-
pend on whether “he explosion 1s shallow underwater or alr-burst.

The probable effect of an alr burst can be estimated from the
extensive data in "Effects of Atomic Weapons"(EAW) concerning
damage to cities. Some information pertaining to effects of air
burst 1is summarized in Appendix A, Table II-1.

The results of the Bikinl Baker test (EAW) provide a rough
estimate of the effects of a shallow underwater burst. The air
blast resulting from a shallow underwater explosion of the equil-
valent of 20 kilotons of TNT would probably "cause virtually com-
plete destruction or severe damage up to sz 1little over one-half
mile from surface zero, and partial destruction would extend out
to somewhat over one miile." Damage 1n the case of ports may be
more severe. Waves whosc trough-to-crest height was 20 feet at
one mile, and as much as 10 feet at two miles,were produced at
Bikini. 7There are indirations that an explosion in very shallow
water mig. : produ~e even higher waves at these distances,

The effects of radicartive contamination from fall-out and

base surge are well sunmarized in EAW: with a light (5 mph) wind, a
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lethal dose of radiation may be received two miles or more from
the explosion, both from fall:out and base surge. In the shallow
waters of a harbor, fall-cut would certainly occur; a base surge
is by no means inconcelvable.

Long-term contamination effects are less important, for the
radiation dosage rate decreases rapidly with time. Decontamina-
tlon and burying of material contaminated with longer-lived radio-
active products may be difficult, however, because of the heavy
physical damage that accompanies air blast and waves.

We must contemplate the possible delivery* of atomlc weapons
by subsurface sneak craft, or by loang-range torpedoes. Defense
against this type of attack is a primary responsibility of harbor
defense; the principal difference when atomlc explosives are in-
volved is that the problem 1ls much more urgent. The carrying
vehicle must be detected and destroyed before it is within dan-
gerous range of the port 1self, which, from the data above, means
several miles at least. Many of our devices are effective for
detectlon of sneak craft; these must be used, particularly in
the cutermost detectilon areas. Destruction of such sneak craft
is imperative; +this means that mines and torpedc nets, in con-
Junction with patrol craft, are our most effective weapons.

Any scheme for defense in depth must take into account the
possibility that the enemy may find it advantageous to use several
explosions against an important port -- say, New York -- wlth
initial attacks to clear the defenses, and to allow unhampered

assault on the port itself, by subsequent explosions.

VIII., CONCLUSION

It must be emphasized that there is no easy method of harbor
defense nor can any particular defensive measure be said to be

more important than any other. Rather, harbor defense requires

* Project Hartwell has rot considered defense against air-burst
atomic bombs.
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an integrated system which 1s flexible enough to cope with & war
that raplidly changes in character, It must also be stressed

agaln that 1f we are to provide security for our harbors, we must

start now,
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APPENDIX E
ANNEX A

Example of Harbor Defense System for New York Harbqr

While New York will probably not be in danger of all forms of
enemy attack, the following pilot study is given as an example of
the probable forces necessary to defend such a major harbor if 1t
were within c¢lose reach of enemy bases, It i1s assumed that the
harbor will be threatened by an extenslve mining campalgn, and
that submarines and sneak craft will attempt to enter the harbor
carrying either conventional explosives or atomlc weapons. Air
attack will also be an imminent threat, although air defense is
beyond the scope of ProJject Hartwell.

The first step in the defense of the harbor 1s the estab-
lishment of a radar net covering the approaches to the channel.
Two possible systems are illustrated in Fig., E~(4)-1. 1In both of
these, it 1s assumed that the radars used wlll scan a sector of
20° and can detect mine splashes at ranges up to 20,000 yards.
These operational characterilsties are rpproximated by the AN/MPG-1,
but the angular coverage of this set ig lower and should be in-
creased. Complete coverage, as indicated in the figure, would
require 19 sets, all shore-mounted (3 are not shown: 2 of these
are needed to cover the port areas and one 1s needed to cover the
approaches to Perth Amboy). Minimum coverage, as shown in the
figure, requires 8 sets, 2 of which are mounted on existing light-
ships (2 sets, not snown, are required for port areas). The
"minimum" system covers a channel leading from the port to 30-
fathom water, following a route over a hard bottom mcst of the
way.

In addition, a number of mine-location and destruction craft
must be provided, If these craft were similar to those discussed
in Appendlx F, 3 or 4 search craft, working an average of 8 hours
per day, would suffice; the number of destruction craft would be

determined by the expected mining threat.
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The defense of the harbor against submarines, long-range tor-
pedoes, and midget submarlines must be conditloned by an awareness
that the most profitable explosive for enemy use 1s an atomlc wea-
pon, This means that defense in depth 1s mandatory, with all de-
fense lines a safe distance from vital areas. Since sneak craft
could enter through Arthur Xill and Kill van Kull, or through
Long Island Sound, these entrances also must be defended.

The baslic compdnents of the defense ars nets and mines. The
nets should be comblnation submarine and torpedo nets, preferably
wlith explosives attached, and should be deployed in depth. The
mines will be shore-controlled, but need not be so elaborate as
present shore-controlled mine systems; ordinary influence mines,
powered from shore, may suffice. The improved navigation afforded
by the radar network lessens the danger of live influence mines
within a harbor; i1f a ship were observed to be deviating from the
safe channel, it would be posslble to deactivate the mine field,

Four defense areas must be set up: one outer defense area,
running from Sandy Hook to Rockaway Point; and three inner de-
fense areas, located at Elizabeth, The Narrows, and Throgs Neck,

The outer defense area should consist principally of a mine
field outside a net. In addition, a line of cable-connected hydro-
phones should be laid, similar to the Cape Henry hydrophone system
(although closer spacing of the hydrophones would be desirable,
since the Cape Henry installation was not intendeé primarlily as a
defense against small sneak submarines). At the net gate, there
should be a herald that can look undzr and behind ships to guard
against sneak craft slipping by in this fashilon.

The inner defense areas wlll consist of a pair of nets (mined,
to discourage cutting), spaced at least a mile apart, Again, at
the gates there should be a short-pulse herald. 1In addition, the
entire widih of The Narrows is protected by herald equlpment.

The material requirements for such a defense system are glven
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Table E-{A)-1

EQUIPMENT FOR INNER AND OUTER DEFENSES
NEW YORK HARBOR

v r 4 B
e
-

Nets Hydrophones#* 3
gxardsz Mines¥* in Installation Heralds**x B
Sandy Hook 6,200 310 10 1 o
|
The Narrows 4,000 3 L
(2 lines) :
Elizabeth 400 1 %‘
Throgs Neck _2,400 - 1
Total 13,000 310 10 & i

A

=

* One every 60 feet, but staggered to avold countermining !
#* One hydrophone every 600 yards

*** Range at least 300 yards

e

in Table E-(A)-1., If additional protection 1s desired, such items N

as magnetic loops, sonobuoys, and more-elaborate controlled mines

could be used, but the present system should offer adeguate protec-
tion at minimum expente.
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APPENDIX F
MINES AND MINE COUNTERMEASURES

I. INTKRODUGTION

This report is based on brleflngs of Project Hartwell by NOL
and BuShlps, on considerable study of the records of mine warfare
especlally in World War II, on study of the Low Report "Study of
Undersea Warfare™ (22 April 19t0). the ORG NAID Report, "Analysis of
Military Assistance Program™ 22 January 1950), and the OEG Report
No. 62 (An Evaluation of Sea Mines &s a Weapon for Use Against Sub-
marines 17 April 1950).

The Heartwell group agrees in general with the concluslons re-
lating to mine varfare as stated in Low Report, but recommends a mére
integrated handling of this important navel mission than is visualized
in that report. The group likewlse agrees with the wajor conclusion
cf the MAID Report, that mlne warfare critlcally threatens our ship-
plng supply_lines to Europe, but considers it possible to counter this

threat by appropriate actlion taken now,

The Appendix 1s organized in the following wanner. The Ilntro-
ductory 3jection I relates this report to previous reports. Section II
discusse s the character, scope and importance of mlne warlare.

Sectlon 1LI discusses U.3, offensive mine warfare. Section IV dis-
cusses U.3. defensive mine warfare. Section V lists the deficien-
cies of the present U.S. sltuation In mine warfare and outlines
recormmended corrective measures.

II. GENERAL PRINCIPLES

Certain general principles apply to mine warfare; the most im-
portant ones are the tollowving.

A. Mine warfare ls a cheap and eficctive mode of attack, A moadern

ground mine costs $1°00 to make, 57000 to air-lay. Mire 2ffectiveness
can be as nhigh as one ship casualty per % offensive mines laid.
Approxilmately 3000 ships of more then 5,000,000 tons were mine

casualtles in World War II. Even with counterma2zures that rmini-

(o]
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mize ship losses, the cost of the countermeasures and the delay

to silpping while channels are belng cleared make mine offensives

.~ - am A L e e e ]
VEIYy WwWoOTuwid waldle,

B. A mine offensive is most effective when the inltlial lay cre-

ates 4t least a 25 to 50 per cent threat and the field 1s suffi-

clently replenished thereafter to keep the threat 4t this level,

Thls implies a maxlmum trained laying force in read_ness at the

start of hostilitles. Dissipating the mine effort in small, spo-

radic offensives reduces the efficiency rapidly.

l Co. A single organization should have primary cognlzance and respon-

sibllity for mine warfare in all its aspects, offensive and defen-

sive, Development of new and lmproved mines and developrment of
mine countermeasures are most efficiently done under the direction
of a single leader who can coordinate the esfforts of mine design
and mine countermeasure. An additional point, stressed by the
British, 1s that, for nations which themselves requlire ocean ship-
ping, 1t 1s risky to put to use a new mine without 4 countermeasure

for 1t in hand,

D. The mine-warfare organization must be highly flexible. Mine

warfare 1s a rapidly changing and unpredictable art and the orga-
nization that prosecutes 1t must be ready to change tactics, to
make and prccure modifications, and to counter new and unforeseen
threats on very short notice -- 1ln other words, to optimlze readi-
ness. This principle 1s well documected by the British-Germun
mine warfare Interplay of World War II.# The abllity to put-toge-
ther and deliver a few hundred special-purpose mines or te develop
and apply a speclal mine countermeasurs in a time of the order of
a month pays coff handsonmely.

E, Mine countermeasures mus% be regarded as a very broad subject.

* See, for example, "Mires, Migelivers arnd Mineliying”, by J.3. Cowie,
2 D s 2N o 5

R,N., Oxford Univ, Press (1949}, Tro success of the British "MX"
organlzation ip, 158 o7 Cowie' and the U.S, Pacific mice-modification
unit is noteworthy of *his conpection

CoLalil,
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Mere degausslng and sweeping are much less significant and effec-
tive than formerly. The increased sensitivity and subtlety of
modern mines, and especlally the advent of pressure actuation,
make degaussing and sweeplng alone quite incapable of countering
the mine threat. Leocation z2nd destruction of individusl mines
is now no more difficult than sweeping, and costs 1/10 to 1/100
as much per mine eliminated.* The rensitivity of mine-actuating
mechanlsms has been increased to the polnt where the mine must
protect itself agalnst natural influences and nelghboring de-
tonations; this clrcumstance suggests broader conslderation

of ship treatment (i. e., making the ship loox llke & natural
phenomenon to the mine), and other measures that trick the mine
intc temporary passiveness,

F. Mine warfare is unglamorous and unspectacular, and the tendency,

therefore, is to neglect 1t between wars. In modern var, mines and

mine countermeasures are ilmportant, perhaps critical, factors. In
war with an opponent such &s the U.3.S5.R., where llttle surface-
shlp opposltion can be expected, mine warfare 1s a Navy mission
comparable 1n importance to the anti-submarine mission.

0f these slx principles, several are new in the sense that
they hardly applled before World War II, but they reflect the
increased development of the art durlng and since World War II
and the changed international naval situatlon since that war.

JII. OFFENSIVE MINE WARFARE

A, Ground Mines ard Moored Mines

*Assume that an ideal wine sweeper (l.e.. an indestructible ship)
were available at only $2,000.000, and that detection and destruc-
tlon were done with simple sonar gear like the British 50D and
magnetometer geadr like U.3. Mk. 2 osdnance letector i'or searching,
and UOL-type egulpment for pinpolnting snce countermining. Then the
average mine-sweeping unit costes about 10 times the average locatlion
and destruction unit, and the sweeper unit must pass within actua-
tion range of a given uine about 10 times becaucse of the commonly
used delayed-arming and ship-count features. The location and
destructisn unlt need approach the mine only once or twice.
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Targets for U.S offenslve undersea mining operations in ths
event of war with the U.S.S.R. willl be:
(a) Soviet submarines;
(b} sSoviet and satellite shipping, inland, coastal,
and sea (Baltic, Casplan, Black);
(c) A relatively minor force of surface naval vessels.

Enemy ocean shipping is notable by 1ts absence from this 1list.
Target (a) 1s obviously highly important because these submarines
will threaten, perhaps critically, ocur Atlantic supply line. Tar-
get (b) 1s not important, except for the considarahle volume of
petroleum-product shipping in the Caspian and Black s¢as, since
90 per cent of U.S.5.R. inland transport 1ie by rail,

Regarding target (a), Soviet submarines, it is clear that
mines especially designed for attack upon submarines are required.
The existing U.S. stockplle mines, which have a -000-ton merchant
vessel as design target, are not optimunm for anti-submarine use,
although usable agalnst submarines. Improved ground mines intended
for anti-submarine use and of generally better rensitivity, relia-
billsy &nd flexibility are under Intelligent develepment at WNCL.
However, the time interval before such new mines are in stock 1ls

estimated to be not less than four years, at the present rate of

progress.

Kola Inlet contains the major known U.S.S.R. submarine base
with direct and free access to the Atlantic, namely Polyarnoye.
The Norweglan fjords are simllar potentlial submarine bases, QF
&ll the known Soviet submarine bases and possible future bases,
these are the only ones that cannot be hampered by good conventional
ground-mining techniques because of the very deep water (about £0
to 1850 fathoms). The submarine-laié moored mines (the marginal
Mk. 10-3 which are our only existing mine weapon for this environ-
ment) are easily sweot &nd are magnetlc needle-actuated so that

they nust be set to a very low sensitivity (1% wmilligauss) to
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przvent detonation by the intense magnetic storms of the auroral belt.

Kola Inlet deserves more drastic mining attack than this, and the

U.S. wlne-laying submariners deserve more profitable returns for the

risks involved. It is probable that this prime target could be
effectively mined by ingenious and unconventional methods.

The laying of offensive mine fields requlres well-coordinsted
advance planning 1n order to develop & maximum threat quickly at
the start of hostilities. The bulk of offensive minelaying will
be by aircraft, while smaller but equally essentlal flelds will be
laid by svbmarines. The Navy therefore needs sufficient aircraft
of approprilate types to lay and maintain its planned mine flelds,
and these planes must be firmly allocated to &and trained for this
mission. Mlne laying willi logically be a major misslon for our
submarine fleet, particularly since targets for our submarine
torpedoes will be few; this implies that our submarine tenders
must be equipped and tralned to carry, assemble and svrvice mines
as efficiently as they now handle torpedoes.

B. land Mines and Submerged Free Mlnes

The offensive possibilities of ingenious and unorthodox
mines and mine tactics may be far-reachling, but the U.S. is not
explolting these flelds. Some types of unconventional mines may
be very useful to the U.S.8.R., but U.S. countermeasures are not
being prer=red for such possibilities. Two such mine tactics have
been considered by Project Hartwell, although, of course, no
development has been undertaken. They are:

1. 8mall (approximately 100-pound) free, depth-keeping
mines for broadcast use. Calculations made by the Project
(which are available if wanted) indicate that these mines
could be designed to stay below keel depth until activated
by @8 ship passing over them, and then rise and detonate on
contact. Prelliminary calculations show that these mines

could be made cheaply and could have an endurance of six
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monthe or more. Such mines c:uld be very useful to the U.S.
for mining Xola Gulf, the Bla-k Sea, the Caspian and the

Baltic; but, since thelr usefulness to the U.5.5.R. is much

greater than to us, we should certainly determine their practi-

cabllity and the extent of our necessary countermeasure effort.

2. Smdll air-dropped, land mines for offensive use
against Soviet rallways. Mines that could bury themselves
on ailr drop in &8 few feet of earth or rock ballast would con-
stitute a major threat against internal Soviet transport,
9C per cent of which is carrled by reilway. Such mines would
be more éffective than bomblng since locomotlves as well as
track would be destroyed or damaeged. Any effective method
of crippling t2e U.S5.8.R. rall system will be invaluable, and
specially designed small influence mlnes dropped by aircraft
mlght well be such a method. These mines might weigh astout
100 pounds, be laid at intervals of several mlles along un-
defended stretches of track by low-flying aircraft, and be
designed to bury themselves about 10 feet in the roadbed.
They could readlily be made magnetic influence-actuated by
locomotives or rall cars, and need not have elaborate anti-sweep
measures since sweepling would involve track damage. Booby-trap
features should be incorporated because, in practice, each
mine would have to be located and removed individually. The
mine need be powerful enough merely to cause derallment in
order to be effective.

While mine warfare against rallways is not necessarily
I1n Navy's province, it 1s essential that such ideas be tested
and evaluated. If tests are successful, vigorous development
should be started.

IV. DEFENSIVE MINE WARFARE

Defensive mine warfare considered in the most comprehencive

manner includes: the laying of mines to prevent enemy craflt from
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approfching sur harborc and c¢hannel=s; proeventicn ¢! e.xmy uine
laying by any means; sweeping, locating and destroying indlividual
minez; ship treatment of all liinds to reduce the probabllity of
actuating mines; and detouring chipuving around Xnown wmine locatilons.

Vigorous exploitation »r a new Lind ~f defenslve mine warfare
is lmportant because the present type 1= more costly, by an order
of magnitude, than offensive mine warfare. The U.S5.5.R. can be
expected to employ a large-sgscale uinlng effort; thls we must counter
1a order to malintaln our enormous volume of necessary shipping i
the North Atlantic and Medliterranean.

The most lmportant defenslve measures probably can and should
be taken befosre the mines are laid -- in fact, before hostllitiles
begin,‘ These 1include the following.

(1) Dispersal of harbors and construction of alternate
port facilities,\including feeder systems, =20 thast we shall
not be critically hampered by saturation mining of one or two
large ports (e.g., New York, Liverpool).

(2) Surveys of harbor, channel and approach bottoms to
determlne: which areas are mineable with various wmlne types;
whieh areas have clean hard bottom, soft mud bottom, debris-
cluttered or rock-cluttered bottom, etc; which are the
probabie routes of approach of enemy mine-laying craft.

(3) Advance selection and location of channels for
wvartime shipplng, based upon considerations of efficient
disposition of antl-aircraft defenses, gfficient prevention
of entry of mine-laylng submarines, and eflicient sweeplng,
location and destructlon of mines in channels ag indicated by
results of (£) above.

(4) Provision for the most precise possible navigation
throughout the wine-threatened region, with due regard to
prevention of enemy navigatlion by these means. Such a pro-

gram involves ful?l usze ol 3z rs-baszed radar.
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It is clear that these measures are loglcally parts of an integrated
harbor-control and defense program, which can pay dividends in peace
ag well as in war.

Mine-laying alrcraft function most accurately at low altitudes.
Therefore & guiding principle in defense 1s to keep these aircraft
flying high. An Integrated system of early-warning and efficlent
antil-alrcraft measures with radar control 1ls essential to this
purpose.

In dealing wlth the mines that the enemy has succeeded 1n
laying, concentration on mine-sweeplng methods would be playlng
into the enemy's hands, since the cver-all economy probably favors
the mine layer even 1f many ships are not sunk. Mine sweeping
will be required in specisl situations such as naval operations,
amphibious landings, or emergency use of areas by shipping when
those areas have not been surveyed. Eut, for the broad problem
nf mine clearance of major wartlime shipplng channels, 1t is impera-
tive to switch to methods involving location and destruction of
individual 1n-channel mines.

Mine sweeping has been made an order of magnitude more 4if-
ficult by the introduction of the pressure-actuated mlne, for the
amplitude of the pressure signature is, in the main, determlned by
the displacement of the body moving through the water and is hard
to simulate except by am actual ship or 1ts economic equivalent.

The time has probably arrived 1n the evolutlion of mine sweeping
when the only logical mine sweeper is essentially the ship at
which the minc 1s directed. One may attempt to make such a mine-
sweeping ship survive the mines it sets off by cne of two methods:
elther 1t 1ls made so rigid that the snergy of the explosion will
not destroy it but be reflected; or Lt is made to absorh the energy
without impairment >f bucoyancy or funciion (as 1s attempted in

crash-protection resesrch; The first alternative iz the only one
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recelving attention,* wherea: an explosion-absorbent self-propelled
"ship" =eems technically feasible.

Mine location includes one or more ot the followlng: tracking
the laying craft by eye, radar or sonar: tracking the dropping mine;
splash-watching by eye or radar; sonar monltoring of mines falling
through the water; and search of the botfom by patrol boats equipped
with sonar and/or magnetic and electromagnetic mine detectors. For

efficlent use of the inrormation flowing in from these sources,

accurate (l1.e., radar) fixing of positions on the water
plot of ali mine-location information are essentlal. A
center 1ls an important part of a harbor-control plan.
For limited areas with bottom conditions that make
of mines in or on the bottom very difficult (e.g., soft

bined with much metallic debris) it may be poasible and

and a central

mine-control

location
mud com-

worth while

tc develop a network of FM sonar monitoring equipment, with high
vertical definition, which look for objects falling between surface
and bottom and automatically record range only.

For searching for mines buried In clean mud (no metallic de-
bris) we should not rule out sonar means without giving cshort-pulse
vertical-looking fathometer-type equipment & thorough evaluation.

For locatlon of mines on or in the bottom -- as distinguished
from pinpointing and destruction -- the proper general direction of
development 1s toward cheap and simple sonar gear with shovrt {order
of one millisecond) pulsea** to minlmize bottom return, and toward

magnetic or electromagnetic detectors of ilmproved range. For search-

* The "X MAP" explosion-resistant cylinder costs too much, uses too
strategic a material (armor-plate steecl}, and still hes to be towed.

** A short pulse 1s secured simply by discharglng a condensor period-
lcally through a magnetostriztion projector. The information is
automatically recorded on & simple range recorder. A Z-foot sphere
1= detectable at 30N0-yard rarge. The shortness of the pulse 1s
essential: at 300-yard range on 8 J-foot sphere as target, the
echo-reverberation ratio is & 4db for a 10-millisecond pulse, 15 éb
for a one-millizecond pulse, and 19 db for a 0 .1%-millisecond pulse.
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ing channels with relatlively clean hard bottoms, & unit consisting
of a small boat (about 100 feet, t'ishing-boat type) should be con-
‘ sidered. Equipped with three simple scnars of the British S0D

type, the beams pointing ahead ani 00° either side of the bow, such

a unit could cover a 0600-yard-wide channel and determine the loca-
tion of newly dropped mines by comparling the new 2onar record with
a standard record. A%t 10 knots, the sweep rate would be ¥ square
miles per hour psr unit.

For bottoms found unszuitabls for sonar search, equlipment like
the Mk. 2 ordnance detector and the EDD (Electromagnetic Discon-
tinuity Discriminator), mounted on small boats a&s described above,
should be considered. Redeslgn is 1lndicated in both eguipments.
It is not clear why the magnetometer of the ordnance detector 1is
not made & t-.cal-fleld magnetometer or & pair of total-field wmag-
netometers, The EDD is too fancy for its performance., Even

though the sweep width of these equipments, as designed at present,

1s only atout 25 feet, they already compare very favorably with
sweepling in terms of effort per mine dealt with.
In the allocation of defenslve mine craft, it willl be neces-

sary to differentisate between enemy mlne-laying raids in force (as

in an initial effort) and & replenishment-type sortie. Thkis type
\ of advanced planning will determine the dispositlion of locator-and-

\ destructor boats -- whether they are best distributed among harbors,

‘ or held in s central reserve to be transported te heavily attacked
areas as needed.

For certain specialized areas {Suez or Panama canal iocks,
etc.), bottom carpets of various kinds -- pressure-sensitive nets,
exploslve nets, nets for fishing up mines -- are applicable ard
should be given more consideration. These devices, however, do not
provide an econcmicai solution tc the cver-alil probism

The phase of mine iccaticrn may bz »egarded as finished when s

new objezt resembiling 1 mine i3 kncwn 5o bs winhin 5 zpecif<aed 2ircle
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of, say, 100 feet dlameter. At thils stage, pinpolnting and destruc-
tion boats are called into action. Such boats would logically be
equipped with: more elaborate sonar gear of high resolution and
short range, with scope presentaticn; magnetometer or electro-
magnetic pinpolnting gear; a diver with portavle locatling gear,
and/or a controlled underwater vehicle (perhaps wire-controlled)

to investigate, countermline or grapple the mine., The boat con-
celved here 1s a more elaborate and expensive craft than a mlne-
search craft, and we must guard against making it iarge enough

to constitute in itself a profitable mine target.

In order to form & rough idea of the number of mine-search
craft and plnpointing-destruction craft required to counter a
glven mining effort, the Project has made & survey of the problem
of defending the 1% major port areas of England against & mining
campaign on the heaviest scale estimated in the MAID Report.
According to our calculatlons, about 35 craft of each of the
twvo types, strateglcally distributed, could handle such a campaign.
A force of this size 1is sufficient to lnsure the opening of a
ma jor port area 3 days after a saturation mine attack and to keep
all ports almost contlnuously open in the face of normal replenish-
ment mine laying (see Table F-1). Such an estimate is made on the
basis of removing &8ll mlnes dropped in or near a 600-yard shipping
channel.

V. DEFICIENCIES ANZ SUGGESTED REMEDIES
A. General

1. Mire warfare 1c 2 primary eission =t the U.S. Navy in a
war against an opponent, such as the U.S.S5.R., that lacks a large
surface naval force. At present, nmine warfare 1ls not represented
commensurately wlth 1ts Importance by any group 1n top Navy plan-
ning and policy.

It is recommended that a3 highly clazzd -roso, with direct

access to and influencs upon top military rlaunsrs be created.

r-11




SECRET

TABLE F-I
DEFENSE OF 12 MAJOR BRITISH PORT AREAS AGAINST MINES*

Effective
Mines/Month Miles
(10% orf of 3-L
Region Area Port Total) Channel Radars Craftg
A Iiverpool-Manchester 104 80 10 4
Greenock-Glasgow 21 4o 5 2
B Edinburgh 9 30 4 P
Total - Area B £0 70 9 I
I
Newcastle 48 16 2 1
Blythe ke 10 2 1
C Sunderland 34 10 z 1
Hull o 6= 8 e
Total - Area C 15?2 101 14 T
( D Bristol Channel (%) 86 100 1€ 5
Plymouth 22 12 2 1
E Falmouth-Truro 29 z 2 1
J Total - Area E £] 2 T z
1T
Portsmouth 4z 24 3 1
F Southampton 2% 16 2 1
Total - Area F 40 5 2
London 100 200 ce 10
L C Harwich 14 10 2 1
Total -~ Area G 115 210 eT 11
Total - Region I 306 250 33 1%
Total - Region ITI 317 370 48 20
Total 62% 620 81 35

* Based on heaviest scale estimated in MAID report
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This grour chould have <ole responcibllity {33 [:ofeceting wine
warfere 1o all ites gspects, cffensive and defensive, and including
£1) tvpes nf coruntermeacures. GClere eazperalion with the Unilted
Kin,dom eud »ther Atlantlic roct natlaons ic escentiel in thiles field.
. Mlne varfare 1le being purs-ad in 81 mmen-dinated and
valategrated manner. In consequence, new an. unconventionnal
rethades 2ve nat belng ¢ilclored, and 27 f2neive intr i~ rot belng
vigorouely procecuted. All therce uwetters nced to assure thelr proper
rc¢lationghlp and importance in &n 2var-all milne-wariare eltfort,

It 1o reécommended thal a wine-varfare facllity be created.

The function of such a iacility would be the desvelopiment of offencive

anC _defencive mine varfare ilua tue bioacdest and woet comprehensive

fachion, and the .untegration and corralation of all phases of =uch
an c¢fZort, The facility ehould be co constituted ac to be able
to requeet services rneeded ron any and all aaval Bureaus. The
specitic activities would enc:mpass the flelds discuscsed in
Sectlione III and'IV.

B. S&pecific

The ":rinele responsible group" and the "mine-warfare facllity™
visuallzed above vould heve the duty of correcting the deflclernciers
now exicting in the mine-variare prigrem. The wact eritical of
tiicce aye ithe following.

1. Detection, locaetlion, and destruction zmcthods heve heen

v 4.

neglect2d ia JTavoy of sveeplng methods, The least =ffective tech-
niques hav~ thus been smphasized. Fkore attsntion should be gpiven
to the devclepment and use of wmine vatches, undorweter object loca-
tors (both sonar anc¢ electromagnetic), and nsv piapointing and
destructlon crafit.

Z. HKeasure and countermeasure develo - ents are unrsalisti-
cally sapaprated. At present, each development 1s tlizd to a specilic
Bureau, =z=2c¢h progresses vithout reference to the other. Insteac, each

phase should recelve stimulation from the other. Develupreoat in each

acpect should pa=llel thr olher,
o
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3, The tlme scale for development of new mines and counter-
measures 1s intolerably long, particularly in view of present inter-
national conditions. Research and development must be accelerated,

duplication of effort avolded. Much of the inordinste delay can be

[ it
'
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eliminated under a centralized mine-warfare group.

4. Present programs lack flexibility. Ingenious and radical

netvhods of wine werfare, offensive and defensive, are not belng
explored; the prescent organizatlon is net such as to encourage in-
ventlon, recognition and exploitation of nev 1ideas in mlne warfare.
All this, agaln, can be ellminated by unified direction of effort
and imaginative over-all planning, go as to utilize the maxlimum
tactical-technical interplay.

A typical radical program would be the suggested misslon

S T T T B T T R~ ¢

agalnst U.%.3.R. rall lines. Such & plan would involve design

of epeclal-purpose mines, training of low-altitude alrcraft crews,
and & comprehensive evaluatlon test (perhaps by carrier-baszed
aircraft).

5. The Navy o»robably does not have sufficient alrcraft for

all the mines it would need to gow. This situation 1s particularly
hazardous, ince the inltial effort at the beginning of a mine of-
fenslve 1s often the most effective, and the maximum force would be
needed 1in readiness. The naval sviation force for the mine 1ift
should be immediately strengthened, and lncreased thereafter with

increacsing availability of mines.

6. The concept of mines ae anti-submarine weavons has rececived
considerable attention, but the potentilalitlies have not been fully
exploited. Current practlce i1z to adjust conventlonal types for
this purpose. Experience indicates that maxirum efiectlvznecss
against submarines requires further decicn lmprovements. The prec-
ent procsram, for instance, does not provide for the supply and lay-
ing of speclally dezigned typer of wines, sguch az those required

f'or the icla Inlet ard similar tarpeits. levelopment and procurement
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of thece mlnes chould be put 1n hand immediately.

7. Precent equlpment ie not adequate for & proper offensive
program of submarline-lald mines. Nelther 1= personnel in thils
branch equipped or trained to handle the problem. A4llocation and
equipment of submarines for this task and training of crewe chould

commence lmmedistely.

8. Mine-search patrol boats and appropriate gear for thom
are not beisg developed and constructed. A =imllar deficiency holds
in mine plnpointing and destruction veszels. Much originality ls
possible 1In this potentially effective fleld of detectic.a-and-
destruction craft. Development and procurement must be iniltiated.

9. Anti-alrcraft weapons effective against low-Ilying mine-
laying planes are not available or under development. In view ol
the threat to harbore and approsches by thsse planes, mefcsures
cshould be taken lmmedliately to re-explore the possibllity of
development of such weapons usging conventicnal and new techniques.

10. Bottom surveys 2f major perts and their avproaches are
fragmentary or lackiung. The effectlveness of undervater object
locators and other mine-location devices 1s thereby impedsd.

Steps chould be taken to complete or to carry out such surveys

in all harbores and appreaches deemed ecszential 4o U,S. and allied

\

shipping. The cooperation of ocesancgraphers 1ls needed in this
effort; their findings will d¢ much to delineste the type of mine-
detectliorn and decstructlon eguipment to be usad, the fixing of optimum

channel locatlons,etc.
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APFENDIX H

NCEANOGRAPHIC PROBRLEMS

Oceanography ilcoiuwies both the purely sclenrifics and the
engineering aspects <f th: sea, The purely scientific azpects
have not been aupportald 1o the same extent s8s have ilhe laboraiory
and land sciences, Consequenily, much of the Information needed
in applied work is lackling, and the backlog of urexplcited ldeas
is not so great as it showld ba, Sinee the oc=an 1s the environ-
ment Iin which the Navy werks, suppor! of pure oceanography anould
be considered as a long-term Navy Investment,

The englneering s3spests of oceanography usually do not result
ln pieces of equipment, Ther2 are exceptional cases, such as the
submarine bathythermograph and the jog-log., Hovever, even in
these cases, the more impertant ozsanographie counbribution was
the recognition of the n=ed for and poasibility of such Instru-
ments,

In general, the cocean 1ls an unfavorable environmeni, and an
understanding of the 3¢s Is essential for suzcess of any operatlon.
In the case of leong-establi=--d procedures, naval perscnnel has
thls understanding; but, ip '.= case of mew prozedures; or in the
application of new knowledzs -3 old precedures, the prefessalonal-
oceanographer can be very helpful, It is, therefor=, opne of hkis
functions to assaist in *ne devel-pment program of the Navy at all
points,

There are, ia fact, 2ert=lpn problsms i whizh the ocearcgrapher

(rather than, say, a phys

]

2%5% or chemiat} should pe ths lsaders,

These problems will be discusssd in detsall below.

TI, SPEZIFIC PROBLEMS

A. Routlng of Tonvcys

Thls operaticnas probdiem 13 & omplex oue, and many ».on-

oceanographlc con=ldaraticns g of paramourt Inporfance,
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In speclai raa=s, 2cegnographic consideralots may be dominant.
hewever, Parricuisz-iy 1: the cgze ¢f rogstas routes, undsrwarter
sound condltiona: mey va~v greally 3isng rtouhea *hat ara otherwiaze
not greatly ia1ffernnt, {args rlvers, auch as the 34, Lavrence apnd
the Qrinocon axarh an nfinence Feor a conalderanis, bub nob unlimited,
dlstance to a=a, Rezriv=iy small changes In routing may have a
marked influence on the susceas’x of the anti.apbmarine screar In
such areas, and the oceavographl: factors should be given much
greater weight than they received In World War II,

In the opsr ocean, aound corditlions do not vary so wideiy, mor
80 abruptly as in soastal walera, Other oceanographic factors, such
as wind and waves =211l exert an influence on anti-submarine opera-
tions, however, Whiis 11 138 unlikely that thess will often be the
major factors determining the choiece of transosceanic routes, they
must not be ignored,

B, Oceanographle Surveys

The data on which derisions such as those outlined apove mmat
be made are not all avallable, Until recerntly, relatifely 1ittle
direct Information on scupd condit.ions in the open ocsan was avaii-
able, Apart from operat:icnal reports, whish are usually incemplete,
conclusions could be based ¢ ly on indlirect avidence and on dats
gathered for othsr purpozea,

The recent survey work « ° the Hydrographlc 0ff€1ze hasz bagun
to remedy this situsiion 1o the Avlantisc, Similsr wriik ahew’ S 22

undertaken in the Pgcelifi-,

C. Experimental Work st Sas

Two kilnds of oceancgrapr .> sruisses ars nesiz2d, The one, zallsd
a "survey", gathers da*ta 27 s predatermivel kind Trom 4ifferert scaas
and at different sessctx, On 3ush & ¢rula=s, *hars 12 J{%vi2 CppoOT-
tunity for the devolopwern nf ldza-~ o wavhegs, sintz ~ha Gpereviion

is strictly programwad, acd wnileorwiny 0F marhed 13 es33ar e, o

order Lo Dbring oul fthe sessceal £71 Zecgeaphlc ILf T cas

‘
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The other type of work at sea has for its cbjectives the test-
ing of new ideas, discovery of new phenowmena, comparison of alter-
native methods and equipment, and so forth. In many cases,

cruises for this purpose need not be so long as survey cruises,

although this is not always true. The recent exploration of the

Gulf Stream is & good example of such experimencal work,

Experience shows that it is not profitable to comblne survey
and experimental operations. The systematic nature of the survey
and the necessary flexibility of the experimental program are con-
tradictory. 1In operating an experimental laboratory vesscl, every-
thing should be sacrificed for flexibility of the work. The
scientist should not be recuired to schedule his work months in
advance; he uust be given great latlitude for improvising operations
after departure from port.

D. Harbor Surveys

The surveying of harbors and their approaches ig of importance
in many connections. In well-established harbers, soundings and
charting of channels and anchorages may be taken

other items are not always fully known.

The possibility of radioactive contamination is o new threat

that makes it necessary to uncerstand the circulation of water in

a harbor in greater detail the: has ever been attempted in the past.

This data is necessary for damage control in the event that our own
harbors should be contaminated, as well as for planning possible
offensive operations against enemy harbors. Before routine sur-
veys for these purpcses can he undertaken, extensive experimental
work in one or more harbors wi:l be necessary.

This fleld work czn be supplemented by experiments with scale
models of the harbor, as was done in the case of Bikini Lagoon.

Other types of surveys are needed to plan harbor defenses,

mine-countermeasure overations, and so forth.

E., Preparation of Charts and Other Inieiligence Materials

The need for specin! charts of itho cceans and lbiwerbers of ths

SECRET H-%
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world is now well r=cogolzal, Exampies of such charts are the sonar
and bettom-aediment cheartsy preparad during World War TI,

In many raaea, some ¢f the dats neadad for thesas charis are
avallable, huv very oftar ths material is lncompletes, The objec-
tive of the surveya muri he to complate and Improve the exlsting
flles of date,

There has been r~cousiderable dizmsuaslion of methods whereby the
present sonar ¢harts ~sould ba improved, No conclusion has been
reached, largeiy because there 1s no one number that measures the
gquality of sonar condltious., It appears preferable to prepare several
kinds of charts, eazh portraying one of the basalc oceanographlc guan-
tlties such as temperature, wind, etc, This division wlll complicate
the use of the charts, but 1t does not seem adviaable to make ex-
tensive revision of the sonar range charts at this time,

There s great aeed for charts of temperature and salinity in
coastal areas, such as those traversed by our commerce with South
Amerleca, Although vhese arega were at timessz heavily attacked by
submarines during Worid War II, they have not yet been adeguately
surveyed, much leas charted,

Bottom topography f~: %-en used as an aid to navigaition for
centuries, but the wodern o ording 2cho-zounder offera ithe possi-
bility of marksd improvemen- . i tnis mathod, The preparvation of
charts for this purpcss . 4 g7ed DY locompletensas o the data,

¥, Studiles of Sarfars we: s

Considerant= adeszr =3 rnar. 220 mads in the

waves, but much r2maira -2 ne aone,
During World War I7, a=®  atlor was con:-=nirated 2 dong:
perlod waves tra* zauz=z 3.7, M2tholds werz deveicpsy for fors

casting surf darizg amphibioas ~pereticnz, The 4s's for to=ae

forecasts ware rifgleza from veather maps, TrLeis me*r o 7

..... 2OTORT g

novw be improved ard rrs= Zeruverss o

el
3
b
J
t

2m, of asing Cchssrrations

of surf %c suppiswest mersacrelogizal oblervarlnns. hesx &z Dearn
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Another impcrtani propiem lu ‘als Field I3 fhat of sea
clutter, which 122 be Iimitipg in A,S radar operaticna, This 1a
determined by wavss of shorter perilod, which have h2en insdequately
studled in the past, The study of thls problem wili vequire coopers-

tion  Ybetween oceanographers and those engaged in the devselopment

of radar gear, Howevar, fthe dvnamics of the ssa surfaze 1is an
essentially ocranographklc probiem, and the results of its intensive

study may well have unexpected applicatlcns, For example, 1t may

| n ——— e e Y T

prove pcssible to spray limitea areas with olly substances ani thus

reduce sea clutter or a limited itime,

G. Ambient Ses Noise

Amblent sea nolze will becomz an important problem 1f sonar

T e LT BT R 2 BRI

self-noise can be reduced, This can be done by using & quiet S/M
as listening platform, aud pessibly by using bottom-mounted or 't
variable-depth instgllatlions,

Its study, agaln, will require the cooperation of physicists
and oceanographers; bubt, slnce much of the experimenta} work muat
be done at ses, the axperisunce of the latter shouid be utiliized
fully,

Existing data cn amhian® nolse in tha lower-frequency rangds
are inadegquate, It 13 s*tiii debgtable whather ambizr*t npoise dimin-
ishes with depth, I%3 csuse 3 still the smuple -t of apernisTiap
rather than konowisdge, sithc sn 1t {s knowi that soms components

are due to marine sniwalz, Alter sdvapceos heys bean wade irn thess

matiters, 1t may Ttezoms perssss - T survev the oomsal

. =T
B An

™

22223 o the pur-
pose of obtailning the geographilel variationa of arbiant ncise,

In general, ccearograph’ sxperimentaiicn during the las+- years
has been very fruitful of s:iertifir reaul+ts, some of shi:n havs al-

ready found dirast appli:za“irnz to tavral prooisama, The

tiTviies, watrer ther o gr fptrivils Davran

ness of the fie7i

<
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discuss independently the characteristics of the varlous types of
power plants and of the possible fuel and oxidants, and then to

evaluate the performance of optimum combinations.

II. POWER PLANTS

The power plants that might be used for submerged propulsion
i

may be divided into three classes:

A. Thermal:

these include reciprocating enginés and

turbinez in which a fuel and oxidant are burned.

B. Electrical: chemical reactions, carrled out in a

battery, generate electric power which is converted into pro-

pulsive power by means of electric motors.

C. Jet systens:

these are the waterborne counter-

parts of the pulse-jet, the ram-jet, and the rocket.

A. Thermal Fower flants

The basic features of underwater thermal power plants are

the same as thelir surface prototypes. Depth operation requires

the expulslon ol cxhaust products into a high-pressure

amblance;
a condition no% ordinarily impcsed on surface englnes; and the
consumption of zn undervater piant must be measured in terms of

fuel and oxidant instead ol just in terms of fuel. The space avail-

able for the submerged propulzion powsr plint i: severely limited,
but in a torpedo the restri~-lons are more stringent than.on a
submarine.

L -

1. Torpedc “hermal Fower :lants

A torpedo power plant should be simple, compact, effi-

clent, and cheap. These criteria conflict, and a compromise solu-

tion results. Zither & reciprocating engine or a turbine may be

used as a torpedo power plant. Table I-1 gives the operating

characteristics of a number of torpedc thermal power plants now

in operational use. These are all shallow-runnling torpedoes which

SECRET I-.2
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had been adoupted for fleet use by the end of World War Il1. Iuch
better thermal power plants are under developuent. Table I-1 shows
that, at a comparable state of development, the pounds per horse-
pover generated by a turbine or a reciprocating engine are roughly
the same when all the necessary components (including combustion
chamber, speed-reducing gears, etc.) are included. In general,
with the same fuel and oxidant, a turbine will be somewhat better
than a reciprocating engine when the comparison is made on the
basls of weight per horsepower. On the other hand, both the elffi-
clency (measured in terms of pounds of consumables per horsepower-
hour) and the operatinnal characteristics at high back pressures
of" a reciprocating engine are usually better than for the turbine.
Although none of the power plants of Table I-1 was intended for
deep-depth operatlon, either the reciprocating engine or the tur-
bine can be designed to work at high back vressures. The NOL-Ranger
V-y0 torpedo engine has been successsfully operated at depths rang-
ing to 1,000 feet in tests conducted at ey West. This englne
does not employ any speclel mechonism to overcome the effect of
high exhcust pressures. The engine is dezigned to tolerzte Righ
Lack pressures without a mzterial decrease in the horsepower. The
fuel and oxidant consumptici of the NOL~-ZEinger engine .incré:.seg ar
the operating depth is incre:sed. Any thermal vower plount will
suffer a similar decrease i1 =2fficiecncy with increszed deptin un-
less a special exhaust system is provided. In view of the spoce
limitations imposed on a torpedo power plant, such sn exhaust sys-
tem will be difficult to install. It may be possible to proviue
an artificial constant-pres:zare exhaust sump for the power plant
in the following way. The exhaust gases are cooled by the direct
injection of sea water, and the water vapor in the gases condensed.
A liquid pump then raises the sump-water pressure from its fixed,

low value (say 30 psia) to ambient pressure and discharges the

SECRET I-4
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water overboard. A gas compressor raises the v»ressure of the non-
condensable geses and pumps them overboard. No detailed studies ot
the application of such a system to torpedo propulsion appear to
have been made. The practicability of the scheme is strongly de-
pendent upon the composition of the exhaust gases. These gases
must be largely water vapor, which immediately implies the use
of peroxlde or oxygen as the oxidant, and may require hydrogen
(generated by a water-reactive fuel) as the fuel.

The expendable consumption of any power plant is strongly de-
pendent upon the fuel and oxidant supplied. Either the turbine
or the reciprocating engine can be operated on a ;iﬂe variety of
fuels and oxidants. The use of hydrogen peroxide and a hydrocar-
bon fuel has been explored most extensively. Water-reactive
fuels have also been tested. Incouraging results have been ob-
tained using lithium as the fuel for the prototype turbine-pump
jet system for the Mk. 10 torpedo. The major difficulty is the
so0lld residues formed by the metal-water reaction. These resi-
dues clog the passages of the power plant and reduce its efficiency.

2. Submarine Thermal Power Plants

A thermal powsr ﬁlant for submarine use can be made
more efficlent thap a forpe o power plant. The additlonal space
available and the greater enphasis on low fuel and oxidant con-
sumption permit the use of more complicated, but more efficient,
systems. A special exhaust-disposal system involving the creatim
of a constant-pressure exhaus® sump by means of a Jet conhdenser
and overboard ligquid and ges pumps 1s feasible.

Both reciprocating engines and turbines can be used for
submerged submarine propulsion. In addition, the underwater plant
can be designed to act as a surface propulsion system with air re-
placing the stored oxidant. By the end of World War II, the Ger-

mans had made consideratle progress toward the developmant of
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thermal power plants for underwater propulsion. The Allies, in-
cluding the U.S3.3.R., obtzined the details of these developments
and the experimental units huilt by the Germans. The German
developments were based upon two types of units: the modification
of standard submarine dicsel cngines for use with stored oxidant
2¢ well as with atmospheric air -- the "Kreislauf System"; and the
development of a turbine power plant {(the "Wailter Cycle"”) which
would use hydrogen peroxide as the oxidant. Neither of these de-
velopments had been completed by 1945, The Kreislauf system had
been used successfully in tests of a Daimler-Benz engine with
liquid cxygen and recycled exhuast pases used in place of atmos-
pheric air. The probler of the.storage of liquid oxyéen on board
a submarine had not been completely solved, however, and minor
technical features of the power plant itself required revision.
An experimental version of the Welter cycle was under-
going test on board a submarine by the end of World War II. The
turbine built for this purpose was poorly designed, and the eff.-
ciency of the plant was low. Considerable progress had been made
in the storage of hydrogen peroxide on board the subnmzrine. This
was done by putting plastic bags between the inner and outer hull
of the submarine. The bags were initially filled with peroxide,
and, as the oxidant was consumed, the bags collapsed. an equiva-
lent volume of sea water flowed into the storage space. In this
way, changes in the buoyanc; of the submarine were minimized.
After World Wor II, the United States, Great Britain,
and presumabdbly the U.3.5.R. instituted programc decigned to devolop
thermal pover plants for subnerged submarine power plants. The
U.S. Navy is currently carrying on simultaneously the development
of the Kreislau cyecle, a modified Jalter cycle, a closed-cycle
gas turbine, ana 2 semi-closed cycle gas turbine. In addition, 2

free-piston gas-generator development has been supported on a low
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priority basis,

The Kreislauf or modified Kreislauf cycie is the gulck-
est and cheapest way to obtain a high-power submerged power plant.
The maln component, the submarine diesel engine, 1s avajlable, and
the additional modifications invoke straightforward engineering,

4 sketch of a simple Kreilslsuf cycle uaing lioculd oxygen 1s shown

in Figure I-1, The major disadvantage of this cycle is the low
power and large volume associated with the main diesel engine now
installed on fleet submarines, The simple Kreislauf cycle 1s not
particularly attractive when hydrogen peroxide is used as an oxidant,
It fails to exploit the fact that peroxlde may be pumped as & liquid
to 4 high pressure, decomposed, and the resulting high-tempera-
ture and -pressure gas sent to an expansion engine where conslder-
able net pover may be obtained, These objections to the simple
Krelslauf cycle may be overcome largely by the addition of a4 sec-
ond component to the system in the form of a small but high-output
“steam” turbine or reciprocating expansion engine as shown in

Figure 1-2,

Table I-2 compares the performance of the simple and
modified Kreislauf cycles when the GM278-A two-stroke dlesel en-
gine (typlical of present U,S. submarine diesels) is used as the
main engine., 1In addition, the estimsted performance of the Kreis-
lauf system vhen a new high-cutput diesel is used as o substitute
for the outdated GM-278-4 i3 shown,

A complete Kreislauf has not been operated in the U.S.,
but the components have been tested in one form or another and
shown to be operable, The U,.., Navy belleves that, if necessary,
it could begin production modifications for the simple Kreislauf
in 1951, The U.5, modified Kreislauf i1s still in the paper-proposal
stage, and 1t would take 3 years to bring it to the production

stage,
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Table I-2
COMPARISON OF PERFORMANCE OF KREISLAUF-SYSTEM POWER PLANTS
System Fuel  Oxidant  S.E.C.* Lb, /HP¥* Pt /Hpxxx

Simple Kreislauf

(GM278-A Diesels) Diesel Liq. O 3,1 16 0.2

2

Simple Krelslauf
(GM278-A Diesels) Diesel  90% H,0, 6.7 16 0,2

Modified Kreislauf
(GM278-A Diesels)
and Upstream Stage  Diesel 90% Hy0, b7 11 0,14

Modified Kreislauf
(New Diesel and Up-

stream Stage) Diesel Lig. O, 2.4 5 0.1

Modified Kreislsuf

(New Diesel and Up- _
stream Stage) Diesel  90% H,0, 3.7 5 0.1

* Pounds of fuel and oxidant per HP-hour at 500-foot depth

** Welght of maln diesel and upstream stage per horsepower; does
not include condenser or overboard pumps

*x% Envelope volume of main diesel and upstream stage per horse-
powei; does not inzlude condenser or overboard pumps

Data based on Reference (6)

The steam (modifled Walter) cycle, the closed-cycle gas
turbine, and the semi-closed cycle gas turbine developments for sub-
merged propulsion are modificitions of thelr surface counterparts.
The major changes involve means for exhaust-gas disposal into a
high-pressure ambiance and the use of stored oxldant instead of
atmospheric alr, The exhaust-gas disposal systems proposed are
similar to these intended for Kreislauf operation -- a condenser
and liquid and gas compressors.

The temperatures of the working flulds are controlled by
recycling gas or liquid water., The use of any of these systems
by elther the U.3.3.R. or the U.3. would involve the complete re-

placement of existing submarine power plants. The performance
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S i me——




SECRET

characleristics of these cycles are roughly the same as those
shown for a modifisd Kreislauf system employling a new diesel en-
gine and an upstream stage in Table I-2. The U.,5. Navy expects

to complete the development testing of these three cycles by 1952.
One of these cycles could be installed in a new submarine {ss8X)
by 1955,

The only thermal power plant that appears to be supe-
rior to a modifled ¥Krelslauf with new dlesel engines or the gas
turbine plants is a4 system thit employs a free-piston gas generator-
expanslon turbine in place of the main diesel engine. A schematlc
drawing of the free-plston gas generator-turbine 1s shown in
Figure I-3. The gas generator operates as a diesel engine but
does not deliver any net work, Instead, 1t generates and supplies
hot, high-pressure gases to a gas turbine. The net power is generated
by the turbine. The gas generator exhibits the high thermal effi-
ciency of the diesel cycle, and the power unit embodies the sim-
pliclty and compactness of the gas turbine. This unit is more
compsct than a dlesel engine (l.e., lower weight and volume per
horsepower), and 1s more efficlent than the gas turbine. Prior
to World War II, free-plston gas generator-turbine units were
tested in Germany, France, ani Switzerland. After this war, at
least three developments were 1nitiated in the U.S., The Navy-
sponsored Lima-Hamilton Corp. project resulted in an experlmental
prototype unit which is now undergoing further testing at the
Naval Experiment Station at Ancapolis., This engine is not ready
for production and probably conslderable development will be re-
guired before a satlsfactory prototype results. It is estimated
that the use of a free-piston gas generator-turbine in place of a
modern diesel engine would reduce the weight of fuel and cxidant
consumed per brake horsepcwer-hour by 204, and decrease the volume

per horsepower by roughly the same amount,
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B, Batteries

Theoretlcally, batteries are an attractive source of under-
water power. They are culet, they can be used to supply power
directly to electric motors; and their operation is insensitive
to back pressure, and hence, to depth of submergence. Most
batteries generate little if any gaseous products, and, consecuently,
there is no wake problem and no need to compress or absorb non-
condensable exhaust products. For a number of possible fuel-
oxidant combinations, the theoretical expendable consumption 1is

very low as shown in Table I-3,

Table I-3

THEORETICAL (100% Efficiency) OF FUEL AND OXIDANTS
FOR BATTERIES

Reaction Lb./BHP-Hr,
Hy + 1/2 0y ~—> HQO 0.45
H, + Cl, — 2HC1 1.6
Hy + Hy0, —> 2H20 0.65
Mg + Cl, — MgCl, 0,80

These are only a few of the possible reactions that might be
used to develop power in an ziectrolytic cell. These values are;
however, representative of the theoretical performance, and serve
to point out the fact that, if reasonable efficiencies could te
obtained, a battery might be a suscessful long-duration power
supply.

It 1s convenient to classify batterles 1nto three types.

a., The primary or self-contained "package" battery:-

This 1s typified by the familiary "dry cell”. In the pri-
mary battery, the reacting chemicals are stored inside the
cell. When these chemicals are used up, the entlre hattery
musi be replaced.,
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b. The secondary cor storage battery:- Tais is typified

by the lead storage battery. Like the primary cell, the sto-
rage battery carries the reacting chemlcals as an integral
part of the cell. The c¢ell reactions are at least partly re-
versible, however, and the cell may be recharged if supplied
wlth externally generated electric current.

¢, The fuel cell:- There is no familiar commercial pro-

totype of this battery. In the fuel cell, the bulk of the
reacting chemicals are carried outside the electrode compart-
ments and arc suppllied to the cell as needed. The products
of the reaction are removed as they accumulate. The total
power generated by this battery is limited only by the guan-
tity of chemicals that can be carried outside the cell.

l. Presently Available Batteries

3. Primary Batteries

Although there are a number of commerical primary bat-
terics, at the present time there are only three primary batteries
that can be considered sultable for underwater propulsion. They are
the magnesium-silver chloride-sea water cell, the magnesium-copper
chloride-sea water cell, and the zilnc-sodium hydroxide-silver oxide
cell. The performance of these cells i1s contrasted with that of a

typical dry cell in Table I-4.

Table I-4
AVATLABLE PRIMARY CELL PERFORMANCE
Battery Lb, Battery/HF-hr. Ft’ Battery/HP-hr.
Dry Cell 3 0.33
Mg-Sea water-AgCl 20 0.4
Mg-Sea water-CuCl o5 0.5
Zn-NaOH-Ag,0 25 0.25
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Tuble I-5

DiTA ON THE MAGRNESIUM-3EA WATKR-SILVER CHLORIDE BaTTERY
FOR TCRFPEDOC PROPULSICN

Manuiscturer

Gereral Mlectric Cempany, Scnenectidy, New York

Qutput
50 ampp. at ;?5 volts Tfor 15 minutes
20,6 Bf-hr, (E2.7 HF)

Miteriils

Magnesivr--gpprozimately 40 pounds

wilver chloride--approximately 230 pourds
Weight

Battery only, 2pproximately 400 pounds; including pressure
bulkhexda, etc., approximately 700 pounds

Construction

Five sections 1n purullel, esch furnishing 90 amp; sscticn
congists of 110 cells in series with plates 11" by 11-3/4"

Cell thickness, 0,045", consisting of Mg sheet 0,01¢". spuce
0.017", silver chlcride sheet 0.017", silver foll 0,001";
unlts stacked against each other; separation by glass heads
approximately 0.025"; section thickness &", witn end plates
atout 5-1/2"

Battery cooled and hydrcgen removed by cilrculating about
1.000 pounds of sea water per minute.

Operating Data

Volts per cell, 1.23

Current density, 0.7 amp. per sg. in.

Leakage losses around plates through electrolyte (short-
circuit lcsses) about 10¢

Cost
Approximately $15,000

Data frem Reference (7)

The sea water cells were developed during World War II.
al present, the Mg-.gCl cell iz being used as the power source for
one veralon of the experimentiil Mk. %5 torpede. Tuble I-5 gives
the duta on this <ell), The cell reicticn i3 Mg + 2 4gCl —
Mgclg + ¢ 4g, carried out In the presence of 1 gesa water eleztro-

lyte. although tke ceost of the silver used in this battery iz
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nigh. (about 5%,000), the uajor exvensze is d-.e oo Squracture
ing techniques required. The thin cloctrodes (~ «.02" thick) .ad

the aarrow clectrode spacing (~ 0.02") (enmvloyed to lower the elec-

trolyte resistance to a r~ascnable value) result in an extraordi-

L i e

narily high man-hiouz requirement for fabricatlon of the battery.
Present costs above the materials used are $10,000 per battery,
representing about 4,000 man-hours. "Even on a large-production
basis, the total cost of the battery is estimated 1t $9,000. 1In
the present versien of tihis battery, side reactlons and electro-
lyte resistance reduce the cell efficiency and result in a high
heat generation and hydrogen gassing. (The actual cell voltage
i~ 1.27%, in contrast to a theoretical of 2.57 and 1,000 vounds of
sea water per minute are circulated to remove the heat and
hydrogen.) It is possible that further development will increase fi
the cell efficiency and reduce the battery weight from its present
value of 20 1b./H?-hr to a figure near 15 lb./HP-hr.

The magnesium-sea water-cuprous chloride battery uses the
reactlon

Hg + 2 CuCl e—s- MgCl, + 2 Cu

2
in the prescnce of a sea water clectrolyte. The construction and
operation of this cell are siailar to the Mg-AgCl cell, but the
copper chloride cell is not so completely developed. The raw-
material cost for the copper ccll is considerably lower than for
the silver cell, but the fabrication costs are nearly the sanms.
Further development may lower costs to $6,000 for a 20 H2-hr
battery (Mk. %5 torpedo) on a production bhasis.

The zinc-sodium hydroxidc -silver oxide cell (the Yardney
cell) is easier to fabricate than the sea water cells. Small-scale
prototypes have been built and tested. There is a distinet sossibi-
lity that this cell can be made rechargeable. It is estimated that

the silver oxide cell would cost about one-half as much as the
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silver caloride cell. Consideraibie work will be needed befeore the
practicabllity aind service performance of this cell will be known.

b, Storage Bitteries

There are three cdeveloped storage batteries: the lezd-
sulfuric icid cell, the "dison cell, and the nickel-cadmium cell,
In 2ddition, the Zn-N3OH 1g,0 (Yardney) cell may be a2 useful sto-

rage cell., The perforuw.nce of these cells is shown in Table I-6.

Table I-6
STORAGE-BATTERY PERFORMAICE

Battery Lb./HP-Hr. Ft°/HP-Hr.
Lead-acid ™ 0.5
kdison 60
Nickel-Caidmium 65

zn-NaUOH-Ag, 0
(Yardéney c&1l) 25 0.25
AS 4 primary energy source, the developed storage vat-

teries are inferior to the packiage cell, However, the Yardney cell
may prove tc be & consilderable improvement. 4t present, devslop-
ment of this cell 1s proceedlng slowly witn only limlited funds
available., Rechargeability is desirable in 3 submarine power =up-
ply, provided that the performsnce penalty is not excessive z2nd the
tacticzl mission of the submoryine permits recharging during the
cruise. In 2 torredo, the main advantage of 3 storage cell is
for training and testing.

¢. Fuel Cells

There are no fuel celis 1vallable today that are suituble -’
for submerged prcpulsion, There is only one true fuel cell in
operation -- 3 smill cell developed by the Nationil Carbon Co, lor
use in miners' lamps. This cell utilizes the resction

HE + CJ?-——> 2 HCI,
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which 1s carried out 1n 2 hydrochloric acid electrelyte., The Lydroc-
gen and chlorine gas are continuvously fed to the ¢ell elecirodes.
Although this cell 1s scarcely beycnd the laboratory staige aind em-

ploys two gizes (which, if stored as such, would be difficult tec

. handle), 1t 1s an important development. The electrolyte resistance

is low, znd the electrode reactions take place with 3 minimum of
polarization ané side reacticns. Consequently, the efflcisncy of
the cell is high; about 80% of the theoretical power 1s develcped
by the operating cell. Current densities of 200 amperes per sguire
foot are easily obtalined 2t the chlorine electrode, and simlluar
values can probably be attalned at the hydrogen electrode. The
high current density, coupled with a closed circult emf of the
order of 1.25 volts per cell, lmplies 4 compact cell unlt, Fur-
ther, as discussed later, the hydrogen and chlorine need not be
stored as such but may te carried in the form of relitively 1lnert
chemicals with no sacrlfice in expendable consumptlon. In additicn
to these characteristics c¢f the hydrogen-chlorine cell, the [act
that 1t operates with reasonable efficlencies is a good sign and
indicates that other fuel cells could be develcped 1f such 4 pro-
gram were pushed.

A cell developed before World War IX that approuaches i
fuel cell is the "air cell” <f the National Carton Co. This cell
employs a zinc anode, a sodim hydroxide electrolyte, and 1 pcrous
carbon cathode that absorbs oxygen from the air and functions 1S
an oxygen electrode. At present, these cells are fabricated for
low rates of drzin arnd weilgh about 20 1b./HP-hr, of cutput, excliud-
ing the oxygen consumed, The technical staff of National Carbon
believe that forced feeding of pure oxygen to thes carben elecirole
could be accomplished, ind th:t 1+ nigh-drain battery could be abri-
cated with 4 dry weight of 12 ib,/HP-kr. Water wculé be added to

the battery just before use, and cxygen would have to be carried
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some form. Hewever, the cxygen 1s s smale . . ticu of the haintery
welght, This cell shows that a successful oxygen lectrode can le
ceveloped, but considerable efvYort would be neseded Lo 2=velon this
cell into =2 useful bitlery for submerged propulsion.

The Naticnal Carbon Co. his also developed i =eccnd semi-
fuel cell. This battery employs 4 zinc cathode, an ammonium
chloride clectrolyte,and a pcrous cirbon anode through whichk <hlorine
g3s ls fed to the system, Thiz Dattery developed 16 HP-hcours and
welghed less than 1,000 pounds. Further work could reduce this
welght, Although this battery was relatively cheap, its develiop-
ment was dronped because cof the pogsible hazards associated with
the storage of chlorine.

2, Future Buttery Developments

Table 1»7(glves the results of some estimates as to what
might be iccomplished in future battery developments. They are
bised on the extripolation of 2 combination of existing thecretical
and practicual data, The subheadings "pessimistic"”, "optimistic",
and "probable" indicate the degree of uncertalnty in the estimate,
For the fuel cells, all operating data except the fuel consumptiorn
are for the battery only., The externally stored fuel is not in-
cluded, The package-ccll du-. include the battery and the fuel.
Il actlvely prosecuited, the probible vilues listed in Table I-7
might be achileved in a practical batltery wilthin 10 years.

any detailed discuszsion as to how the egtlmates of
Table I-7 might be ichieved w<:oid be out of place ir this summary,
Howecver, one suggestion(?) will be outlined in crder o orient
the reader,

Very smill prototypes of the hydrogen-chlorine fuel
cell have been cperated. There is reason to expect that s large

cell can be buillt, although the practical engineering tproblems

are numercus and difficuit. Hydrogen and chlorine are undesirable
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Tible I-7
LSTIMATED POTENTIALITIES OF BATTERIES
No, Current

Volts/  Cells/ density, Lb./* Fto/* Lt,/HF-
Cell Ft, ({(amps/ft°) HP HP Hr.

Degree of Uncertainty

FUEL CELLS3
Fessimistic 1 ’ %6 100 50 0.25 Lysex
Optimistic 4 48 600 0.8 0,008 1%
Probable 1.5 Lo 275 6.5 0,054 D *
PACKAGE OR SEMI-PACKAGE CELLS
Pessimistic 1 90 100 25 0.1 DO* %
Optimistic y 250 500 C.24 c.0Cc? R KX
Frobable ? 100 200 .6 0.02h 10%*x

* Tncludes allowance for case and conneactions
*#* Pounds of externally stored fuel per i'P-hr
#%% Pounds of battery and externally stored fuel (if any)

Data based on Refererce (7)

chemicals, and the storage of large amounts of these materials on
board 4 submirine 1s probably impracticable. It is possible, how-
ever, to store chemicals that can be used to generate toth hydrogen
and chlorine. One scheme 1s the following,

Silicen, sodlum hydroxide, sodium chlorite, and a small
amount of acid would be stored on the submarine, 4ll these mate-
rials are solid or liguid, and are manufactured in large cuantlities.

The silicon-caustic reaction 1s uced to generate hydrogen bty means

of Reaction (1) of Table I-8, CLlorine is generated from the
sodium chlorite by means of Reactlion (?). The chlorosulfonic
acid used would be stored on board the submarine, but the hydro-
chloric acid is obtained from the cell Reaction (%), A4 schemztlc

diagram of the system iIs shown in Figure I-4. This scheme appears
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TABLE I-&
HYDRGGEN aND CHLORIKE GENERATION ON BOARD A SUBMARINE*

Hydrogen Generatlon _Reaction

2KaCOH + 4Si + QOHEO————e'N3281u09(dissolved) + 12H,0 + 8H2 (1)

Chlorine Generation

16HCL + 4NaClO, + 0.326C1S0.H + 197.5H,0 —u (2)
o~
INaCl + 0.326H250h + 0,%26HC1 (dissolved) + 205.1H20 + 801?

Battery Operation

8H, + 8Cl, + 197,5H,0 ——> 16HCL + 197.5H,0 + 326 HP-hr. + (%)
269,500 BTU (heat)

Fuels Used

NaOH + 81 for nydrogen, 192 pounds
NiCl10,, (+ ClSOEH) for chlorine, 400 pounds
Total weight fuels, 592 pounds

Fnergy Produced

226 HP-hr., at motor terminals
261 HP-hr, shaft with BO% motor efficiency

Speciflc Fuel Consumption

1.76 pounds/electrical HP-hr,
2,26 pounds/SHP-hr,

Heat Generuted in Battery (diff. AH and AF, int. resist., etc.)

269,500 BTU

Material to Absorb Hea*

4139 pounds (mostly HQO)

Temperature Rise in Battery Fluid

269,500 = 6%°F (with nc other cooling)
129

Fluids Pumped (pounds)

Hydrogen generator, in 360

Hydrogen generator, out 5326

Battery, in 3555

Chlorine generator out 2971
Total in ’ 3515 15/SHP-nr,
Total out k507 17.3/SHP-hr,

*From Reference (7)
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workable, but it is by no means the only method for developing a
fuel cell, There appear to be so many alternates that 1t is al-
most certain that a successful fuel cell could be achieved, The
major uncertainties are the time requires and the performance
obtained,

C. Jet Systems

The advantages of jet-underwater propulsion systems lie in
their light welght and their performance at high speeds., In al-
most every respect they correspond to their airborne counterparts.

1. The Pump Jet

The pump jet, like the jet alrplane, is a means for over-
coming the decrease in propeller effici=ncy that occurs at high
speeds, It 1s really a component of a power plant rather than a
complete system. A pump, driven by an independent power source,
is used 1n place of a propeller, Water is taken into the missile,

accelerated in the pump and nozzle system, and ejected from the

torpedo, The difference between the momentum flux of the leaving and

enterling water results in & net forward thrust exerted on the vehi-
cle. Theoretically, a pump can be designed to give efficienciles
of 80 to 85% and to be free of internal cavitatlon for forward
speeds up to and probably exceeding 100 knots, Paper studles have
indicated that a 3-inch-diameter, two~stage axial-flow rotor could
absorb 200 horsepower at 16,500 rpm and deliver 500 pounds of
thrust at a forward speed of 80 knots without undergoing cavita-
tion. A pump jet appears to be one of the methods that can be

uged efficiently to couple a thermal power plant to a high-speed

undervater vehicle, However, there is some evidence(21) that

noise 1s generated at the boundaries of the wake formed by the dis-

charge of the water jet, This phenomenon i1s imperfectly under-

stood and should be investigited., The true prepeller and the
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hign-speed punp jet ro_resent the oposite excremas of mechanisuas
that can be used for hydrocdynouic jet vropulsicii. An interuediate
system, such as thc shrouded prejeller, may be effective in obtain-
ing incrcased efficiency and reduced noise at moderates speeds.

2. The dydroduct

The hydroduct is the waterborne counterpgart of the ram
jet. Yhe hydroduct consists of an inlct diffuscr which admits
water into the vehicle. Gas or gas-producing substances (such as
lithiua) arc injected into the low-velocity regions of the diffuser.
The gas acceleratecs the water, and the high-speed gas-watcr mixture
is ejected frou a nozzle. The momentum rlux differsnce between
inlet and exit streams produces a forward thrust. Like a ran
jet, the thrust of the hydroduct iz zero at zero forward speed.
Consequently, the hydroduct wmust be brought up to speed by auxiliary
means. Although a theoretically attractive high-veloclty propul-
sion system, the hydroduct has not been develoved to & stagc wheve
it can be evaluated in terms of practical performance. However,
1t is one of the simplest power plants and might bear scrutiny as
the means for the underwater propulsion of a light, cheap anti-
submarine weapon. The injection of gas or gas-producing substances
into the water could unquestionably be accomplished, but the
injection system would be an extra complication. There is a pos-
sibility that a simpler device could be constructed in which the
water-rcactive fuel is placed in the diffuser and the generstion
of gas allowed to proceed as the water contacts the fuel. Tais is
illustrated in Figure I--.

2, The Hydropulse

The hydropulc», like the hydroduct, operatss on the prin-
ciple of utilizing the cnergy of a small amcunt ol expanding mas

to accelerate a large mass of water. It is the analogue ol the
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sulse Jet. Tae process in the hydroduct is continuous, the process

orulse is dntermitient. The duet is filled with water
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e
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which enters throvgh a2 valve arrangement. The valve is so decigned
that it readily onens and allows water to enter from the front so
lonz as the pressure inside the d.ct is lowe: than thz dynomic pres-
sure of the water. Undei all other conditions, the valves ars
closed. When tiie duct is fillled with water, high-pressurc gas

or gas-producing fucl is injected; the water 1s expelled and the
process is repeated. The hydropulses that have been tested have
taken several forms, but at present the direct hydromsulse avpears
to be the best.

The d¢irect hydrom:lse obtains its energy from wotel
reactive fuels, sver as lithiuvm. The direct hydropulse has been
shown to be capable of propelling torpedoes. The hylrosulse is
a good noisemalker; the neoise is 1n the sonic and ultrasonic fre-
gquencies. Ixperimental tests carried out on a lithium-powered
direct hydronulse during 1048 showed that a2 svecific fuel consump-
tion el .2 vounds of lithium er thizust horsepower-hour could bLe
obtained at & sheed of 40 knets. This wos the best value: under
otlier conditicns, che consiirtion increased to valves of ten tiues
thic magnitode. The hydrosulse netor is still in the early stages
of development and furtlez work could >robably produce a =irnle,
reliakle wotor with a reasonable fuel consumvption.

It may Le possible to place the water-reactive fuel in
wie hydronulse yater chamncl and thus eliminate the feed mechanicin,
A schematlc drawing of thisz technique is shoun in Figure I-%(a).
This idea has not bezn tested.

D. VWalle Elirination

Powverl wnlants that burn a hydiocarbon Tuel with oxyien or hiydro-
gern zeroxide ere victually wakeless. Mxserisments carried out iy

Arthur D. Little, Inc., vnder Hovy o, cnscvchip showed trot nroner
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bubble dispersion eliminated both visible .and sonic evidence of

the discharge of a J0% 002-1qz O? exhaust gas 4t depths below Q0
feet. 1f the exhaust gis contains large amounts of oxygen, hydrogen,
nitrogen, etc,, some wake will result, There 1s no need to dis-
charge such a gas from a submarine, but torpedo power plants which
use water-reactive fuels may discharge considerable quantities of
hydrogen., There ieg little nope of dissolving this hydrogen, and a
wake 1s inevitable 1s this type of system, The chilef application
of a hydrogen-generating power plant is Iin a high-speed torpedo,

and wake 1s not a2 serious dlsadvantage, The magnesium-silver
chloride battery is an exception to this statement, The chief
application of this battery is for low-speed torpedoes (~ 30 knots),
and at>present the side reactlons in the battery generate so much

hydrogen that a significant wake 1s vislble at moderate depths.

E, Noilse Blimination

Compared to the effcrt devoted to other aspects of under-
water propulsion, the problem of noise eliminatlion has receilved
only minor attention. Improvements have been made and preliminary
information has been gathered, but a great deal of work still ve-
mains tc be done before the sovurces of the nolses assoclaled with
undeiwater propulsion systems are guantitatively understood and
before the best methods of reducling thils noise can be specified,
Qualitatively, 1t 1s known tzat, In addition to the internal pro-
pulsion machinery roise, externs cavitation, occurring or the
body and in the propeller si'rsiream of the torpede »r submirine,
is an imncrtant source of nolse, Generally speaking, bath the
machinery ind the cavitation doise increase in intensity wito 1in-
creds? Tn underviter 3peed, but uat dilferent rates, Houghly,
machinery noise scems Lo be rroportionil to the sixth power of the

@

undervaiter speed, This iz a curbrising cmpiriczl findlng 2ltkough
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it 18 in moderaite agreement with avillable observiticonal data,
Cavitation nolse Is almost = discontinuous functien of the speed,
Al very low speeds, cavitation noise is a negligible factor; at a
¢ritical velecity, it becomes Imnortant and increases raplidly
with speed, frequently overshadowing the machinery noise. After
the sudden jump In intensity ever the critical-velocity range,
the cavitation nolse increwses very slowly as the speed ls increased,
Cavitatlion nolse decreases at increased depth when the speed ia
fixed, but machinery noise 1s relatively independcnt of depth.
With World War IT shallow-running torpedoes, machinery noise

vredominates at speeds up to about 20 knots, In the range of 20

to 40 knots, cavitation nolse is more important, and a1t higher
eneeds machinery nolse agiin dominates. There is little difference
between the nolse of present electrically and thermally povered
torpedoes; 1indeed limited data indicate that thermal power plants
sre culeter, Thils 1s based upon comparisons of the nolse from

the turbine-powered Mk, 1%, the battery-powered Mk, 18 and the
Ranol reclprocating-engine version of the Mk, 3% and 1ts electri-
cally powered counterpart, Appurently, the electric system suf-
fers from the noise generated in its reduction gears and propellers,
With World War II submarines, propeller cavitatlon noilse predomi-
nates at speeds above 6 knots and apparently continues to dominate
up to thelr present maxlmum submerged speeds,

Theoretical studiescel) indlcate that propeller cavitation

can be eliminated by the use ¢ hydraulic jet-propulsion systems,
Development work 1s needed to confirm the theoretical result:s and

to explore the nolse level a3.oc¢clated with the jet discharge and
machinery. The uge of acoustic traps, rubber mounts, eic,, might
prove fruitful in effecting a1 reduction in transmithted michinery
noise, An attack directed 3t the nolse source within the muchinery

will reoulre detailed information zoncerning the generation aind
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propagaiiion of the nolse assocciated with moving meckhanisms,

The systems that expel a gas jJet appear to emit 4 signiricantly
greater sonnd energy spsoirum than present submerged power plants.
Some exb.neats £ the jet systems feel that this high noise level
can be overceome, but definite Implementation is lackilng.

It iz rewsonable Lo suppese that the self-noise cof future
torpedoes and submarines ¢an be suppresscd to levels below Lhose
exhliblted by present versions, but it will reqguire considerable
research and development, Studles of nolse and noise reduction
are very Important, A substantial reduction in ncise would not
only improve our own weapons but, if discovered by them, would
also improve Scviet weapons (see ippendix B, Section VII;

Appendix D, Sectlon I), It would be foolish to base detection
techniques for U,3,5,R. submarines and torpedoes solely on the

results of tests of the nolse emanated by present weapons,

II1TI. FUELS

Two main types of fuels have been considered for under-
water propulsion -- liquid hydrocarbons and water-reactive metils,
In addition, scme thought has been given to synthetic fuels such
as hydrazlne and the metallis hydrides. Hydrazine is not a great
deal better than a hydrocarborn as an underwater fuel and is guite
toxie, The metallic hydride: are similar to the metals -- reicting
wiﬁh water to form hydrogen, For some applications, they are
theoretlically superlor to the m:tals themselves, but are more dif-
ficult to mapuficture and handle,

A, Hyvdrocarbcn Fuels

A hydrocarbon fuel -- typified by "diesel o1l"” -- is burned
with an oxldant in order to generate high temperature-high pressure
gas for use in a power plant, The chief advantages of a hydrocuirben

fuel lie in the experierce accumulated in 1ts handling, storige,
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and use, a8 well as 1ts availability and relatively low cost, Sea
water displacement may be used to ballast the submerged vehicle.
The performance of a hydrocarbon fuel is not 30 good as a metallic
fuel; wlth the same oxidant, the metallic-fuel consumption per
horsepower-hour is about 30% lower than the hydrocarbon fuel,

B, Metallic Fuels

Such metals as lithium, sodium, potasszium, calzium, aluminum,
and magnesium will react with water to form hydropen and the metul
oxide or hydroxlide. Thls hydrogen can be made to react with un
oxidant and used 1n 3 thermal or electrochemical power plant., Al-
ternatively, the hydrogen can be generated it a high temperature
and pressure and used dlrectly in an expansion engine.

Lithium, sodium, potassium, and calclum undergo spontaneous
reactions with water and oxygen. In some respects, this 1s an
advantage, for the generation of hylirogen can be easily accomplished.
On the other hand, the extreme reactlvity of these elements muikes
them difficult to handle and potentially hazardous, If stored on
board a2 submarine, i1 water leak on the storage compartnment might
lead to a catastrophe.

Aluminum and magnesium react with water and oxygen but, under
ordinary conditions, a prote-~tive oxide coatling is formed which
slows the reaction to a stand:itiil, There is comparatively little
danger iunvolved in the storage and handiing of these materials,

At high temperatures (particulariy when the metal is molten ang
smill amounts of chlorides are present), magnesium is ouite water-
reactive, Aluminum is more recalzitrant, and a1 eatisfactery water
reaction rate will rrobably v..culre special technicues,

Lithium and sodium are solids at room temperature, but ire

ot

easily lique ’ied L1 meits at 186°7, Na a* 97,5°C), When melted,
they may be rumped as liguilds. Magreslum melts at A5C0°C and 2lumi-

1.

num it 660°C, The melting volnts ¢f these mer:ils ray be lowered




SECRET

by alloying with other metals,

These metals are 311 made by processes that use large amounts
of' electric power. Magnesium, aluminum xnd s=illicon* were preduced
in large amounts during the last war. Since then, production hae
fallen off markedly (in 1946, magnesium production was cnly 3% of
the peak war production rate of 368,000,000 pounds per yeir). So-
dium 1s a commerical chemical produced in mcderate cruantities,

The large-scale use of any of these metils for submerged propulsion
during 2 war would recuire additional production facilities unless
production were diverted from other essential applications. All
these metals would cost in the viclnity of $0.20 per pound,

Potassium 3nd calcium are made 1n modest amounts for experi-
mental purposes., At present they are relatively expensive, Cal-
clum ores are very abundant, however, and large amcunts of calcium
probably could be produced 2t prices near $0,.20 per pound; but this
would reculre new facilities,

Lithium production is In a different category. At present,
the metzl costs about $7.00 per pound. Although lithium ores are
reasonably abundant, they are largely low-grade, and the benefica-
tion processes are not well developed, Other uses of this metal
now have priority over under-ater propulsion, Lithium might be
made avallable for torpedoes. but nevw manuficturing facilitles
and probatly new production techniocues would have to be developed.

The reaction of these metais with water produces metal cxides
or hydroxides, In mcst of the proposed propulsion systems, it is
not possible to add enocugh wuter Lo dissolve the metullic compounds
without encountering = severc icss In eificiency. Consequenlly, 2
metal-vater "combustion” chuamber produces hydrcgen and solid or
semi-1jculc metallic compounds. In the simple jet systems, thisg

two-phaze fluid appalrently can be tolerated, but the passages of

* Largely as ferro-silicon.

SECRET I.23




&
Vet
(D]

1 Lurtddne = e coaled, and the efficlency of the turtine cujelly
Talls off, A similar situation may hold if reciprocating engilnes
are emplcoyed, 1t is probable that some type of separation sys-
tem will be needed fer zny long-time application of the metals
for submerged propulsicn,

The theoretical performance of the metals in 4 reciprociting
engine similar to the RANOL V-30 torpedo engine 1s given in
Table I-9. The peroxide-diesel cll system performance is also
shown. These values are approximite and only 1lndicate the order
of mdgnitude of the performance characteristics., In an actual
engine, the consumption (1b./HP-hr,.) might be 1.5 times the theo-
retical values, If used to supply hydrogen to a turbine, the
theoretical consumption would be somewhat higher than shown. Limited
experimental tests of the use of these metals as hydrogen generators

for submerged power plants have been carried out by NOTS (Pasidena)

Table I-9
THEORETICAL PER¥ORMANCE OF METALS WHEN USED WITH

UNSTORED SEA WATER A5 HYDROGEN GENERATORS (FOR
USE IN A RECIPROCATING LNGINE AT 50 FEET SUBMRRGENCE)

Metal Lb./HP-Hr. . Ft”/HP-Hr.
Lithium 1.2 0,037
Sodiun 5.8 0.096
Potassium 1¢.0 0.19
Calcium 2.1 0.015
Aluminum 2.4 0.014
Magnesium 2.6 0,025
Diesel Fuel 2.8 C.037

(907 H,0,)
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and Aerojet. Their best results, obtained in short-duration testg,

are reported in Table I-10,

Table I-10

BEST EXPRRIMENTAL RESULTS OF TESTS OF
METALS AS HYDROGEN GENERATORS
FOR SUBMERGEL POWER PLANTS
Specific Impulse

Metal Power Flant Lb./HP-Hr, (Lb./sec-1b,)
Lithium Turbine 2.3

Sodium Turbine 10.7

Lithium Rocket Motor 1300
Lithium Direct Hydropulse 5.2 (thrust

HP @ 40.5 knots)

The previous results apply Lo systems in which hydrogen gas
is discharged overboard., Hydrogen is so difficultly soluble in
sea water that a wake is likely at all depths. For fast torpedoes
( ~/ 80 knots) the wake 1s probably immaterial but, for slower wea-
pons, particularly submarines, the hydrogen wake might be intocler-
able, The wake may be =1most completely eliminated 1f the hydrogen
is burned with an oxidant such a3 oxygen or hydrogen peroxide,
This complicates the system 2nd 2t shallow depths, decreases the
efficiency (measured in lb,/iP-E~,) of the system. at extreme
depths, the use of an oxidanr muy improve the power plant since
it offers the possibillity of the eliminating the effect of
depth on the system,

Metalilc fuels have considerable promise although a number
of problems remain unsolved -- €,g,, ballasting, sludging, handl-
ing, etc,

1V, CXIDANTS

From a purely leogistlc standpoint, only three oxidants .ppear
suitable for large-sczle use for underwater propulsion -- concentrated
hydrogen peroride, liould oxygen, and the oxides of nitrogen.
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Licuid oxygen is svperior in terms cf both pounds per horsepower-
hour and prcduction 2ost, but it is more difficult to store znd
billast on boe.rd the vehicle, Nitrogen oxldes and hydrogen per-
oxlde are comparadie in terms of pounds per horsepower-hour and
storage pessibilities, It aippears thut elther of these mzy be
stored between the inrer and outer hull of & submurine and bil-
lasted with seu water, Manufacture of nitrogen oxide is consid-
erably cheaper tnan hydrogen peroxide production, but the oxldes
of niltrogen are toxic,

A, Hydrogen Peroxide

Hydrogen Peroxide (3202) is a liould that can be catalytically
or thermally decomposed to produce oxygen gas and water. When
used as an oxidant in power plants, it is normally stored as 2 con-
centratec¢ acucous solution containing 80f to 90% by weight of
peroxide, A 90f solution of peroxide has a density of 1.3 gm/ml
and a freezing polnt of - 9°C, Although its boiling point is
higher, 1t cannot be safely heated above 160°F since decomposition
occurs with the subsecuent generation of large volumes of gas,

At normal temperatures, 90¢/ peroxide cannot be detonated., Mix-
tures of peroxide and a fuel, however, are subject to detonation.
Peroxide itself attacks the skin, but the products of decomposition
are not harmful, If concentrated peroxide contacts organic matter,
spontaneous combustion is likely, Catalytic impurities, such as
lead, iron, copper, etc., cause the decomposition of peroxide;
hence, peroxlde storage facllities are subject to sabotage. Uncon-
tamlinated peroxide may be stored for long periods (several months)
in pure aluminum containers c: in plastic bags made of polyethylene
or Kel-F, The Buffalo Elsctrochemlcal Co., ships 907 perozide in
aluminum drums or tanks via rallrcad or truck to its customers.
Considerable experience has been accumulated both in this country

and by the Germane in handling concentrated peroxide, ind there is
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no doubt that it may be sh nped and stored if soecial precuutions
are observed. For usc in o torpede, Derexide may be stored in an
aluminum tan¥ located inside the torpede or in & plastic bag sur-
rounded by a wmetal contalner. The latter procedure is used 1in the
peroxide supply system for the RANOL peroxide *torpedo power plant.
The peroxide is stored inside the plastic bag which 1s slipped in-
side a pressure vessel. The peroxide is fed to the engine by
means of sea water which is pumped between the walls of the bvres-
surc vessel and the plastic bag. This procedure maintains the
original buoyancy of the torpcdo. A similar scheme was used by
the Germans for the storage of veroxide on board & submarine. The
peroxide was stored in plastic bags located outside the pressure
hull. As the peroxide was consumed, the bags collapsed, allowing
occan wvater to enter, In this way, the necessary ballasting of
the submarine was accomplished. The plastic used by the Germans
for peroxide storage was not completely satisfactory. It was
slowly attacked by the veroxide and became brittle. This prob-
lem is belng studied in tke U.3., and it appearvs that either Kel-F
(the chlorine-fluorine-hydrocarbon »nolymer developed for the Man-
hattan District) or polycthylene will be satisfactory.

At present, the use of peroxide as the oxid=nt for hydrocarbons
requires the prior decompvosition of the peroxide. This is accomi-
lished by the use of catalysts.

A major objection to the use of peroxide as an oxidant is the
procduction cost and the manufacturing facilities involved in its
synthesis. In this country, all »resent peroxide manuflacture is
based upon the use of an elect:ochemicel process which, in effect,
combines atmosvheric oxygen with water. This brocess has several
drawbacks:

(L) 9 ¥ilowatt hours of electrical energy arc used

per mound of 1004 peroxide manufactured;
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(2) Initial plant investment is high, estimated by the

Buffalo Ilectrochemical 2o, 1t 1,10 per pound per year o

L]

907 peroxide production capaclty;
(3) Comslderable amounts of platinum and tantalum,
items that would be critlcal in the event of a war, are required.

The Buffulo Electrical Co., 1s the only commercial producer of
907 peroxlde In the U,5, Its production is 5,000 tons of 90 rer-
oxide per year. In addition, the Du Pont Co. operated i Navy.
owned plant at Dresder, New York, which has a similar capacity.
This production is sufficient to tuke care of weapon development
and testing requlrements and, in the event of war, would maiintain
the torpedoes using peroxide. It would not begin to supply a
peroxide -powered submarine fleet,

The electrochemical method is not the only peroxide synthesis
technique., During World War II, the Germans were geriously short
of electrical power and of platinum and tantalum, Their antici-
pated peroxide consumption could not be satisfied by rew electro-
chemical plants and they were forced to develop an alternate synthe-
gls., The result was the 2-ethyl anthraquinone process, In this
synthesls, 2-ethyl anthraguinone is reduced to the corresponding
hydroquinone by the action ¢:” hydrogen in the presence of a nickel
¢catalyst. The hydroguinone i3 then reoxldized by atmospheric air,
regenerating the gquinone and simultaneously producing hydrogen
peroxide. The electric power requirements of this process ure
small; the hydrogen is generated from ccal by means of the wiater-
gas reaction, a technique that hus long been employed on 1 large
industrial scale, It i1s kuow. that the Germzng successfully buillt
and operated 2 pllot plant hased on this process and proceeded
with the construction oi” two full-scale plants having a combined
capacity of 48,020 tons of 85¢ peroxide ver yeair. Oniy one of

these plants was completed tefore the end of the war., Shortly
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after it ccmmenced overaticns, an accident occurred which shut it
down. The cause of this accldent 13 obscure. In the confusion
following the war, all the key persornel of the plant disapope.ured
and our Intelligence teams obtained little information. Since a
mixture of an organlc materlial and peroxide 1s alway dangerous,
some authorities believe that the accident occurred 1n the peroxide
synthesls or concentration steps. Others, however, rcport that a
fire, started ir a benzene storage yard by a2llled bombing, spread
to the main plant., In any event, it is clear that the Germans
thought they had developed an alternate synthesis of peroxide that
avolded the large electrical consumption and critical material
reoulrements of the electrochemical process, and were willing to
build full-scale plants on this basis, Presumably, the initial
plant investment is also much lower, There is reason to belleve
that the difficulties encoountered by the Germans in thelr first
plant could be overcome and that successful full-scale operaticn
of the process could be consummated if further development were
carried on., No such program 1s reported underway in this country,
although it is possible that the Buffalo Flectrochemlcal Co. 1is
studylng the process in order to estimate its effect on their pre-
sent production wechniques. On the other hand, it is quite pos-
sible that the U.S5.5.,R. has <urefully explored the process since
they had access to the Germir. peroxide submarine development,

A second possible industrial synthesis of percoxide is the par-
tial oxidation of hydrocarbons. It is known that propane cin be
oxldized to propylene and hydrogen peroxide by means of oxygen,
but the process is still in tle laboratory stage. Under Navy
ausplces, the Shell Chemicali Co. and the MIT Peroxide Labor:itory
are carrylng on a limited amount of exploratory work, Potentlslly,

this synthesis 1s more attractive than the 2-ethylquinore process,
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since an unsaturated hydroeaxarbon is a viluable raw miterial for
high-octane gisoline syntheais, It is tooc early in the program
to hazard 1 guess a3 to the ultimate success of the method, IF
is certain that several years' work will be needed befove a full-
scale plant could be constructed,

At present, the rmuffalo Electrochemical Co, sells 90¢Y hydrogen
peroxlde for $0,60 per pound, Actual out-of-pocket production
costs are about $0,17 per pound. The gip represents investment

amortization, seiling ccsts, and proflit, It is estimaited that the

o]

2-ethyl antracuinone nrocess could produce 90¥ peroxide 2t an
over-all cost (irecluding vlant imortization) of $0.29 per pound,
This figure is uncertiin «nd should be checked,

B, Liquid Oxygen

Liguid oxygen boils at - 1872°C. For this reason, storage of
the licuid ig 2 m:jor probism, The evaporation louses iahevent in
the best glovage mstheds now in use iare given in Tavle I-11, Tt
is reasonable Lo suppose that these losses can be reduced by Tertaer

1

gevelopment, For largc-zscile storage facilitles, it is clearly

T

poseible to coidense iLhie gaseous oxygen by meaneg of 1 relrigeration
system and thus reduce ibe losses to negligible amounts. S penalty
must be puid for this proced e in the form of additional refri-
geration equipment and the gc.er and fuel reguired wo run it. This
scheme would not be praciicauv.e {'or a torpedo, and it appearc that
the use of liguid oxygen 2s 4 torpedo propellant is limited to
migslles that can be fired sho-ily after they are fillled., In addi-
tion to reducing the evuporatioun losses during storige, = reduction
in the insuvlation thickness =..d un improvement in the st ctural
strength oi' the contalner is needed, With present fechnicies,
roughly 257 of the volume and 20 of the welght of the .iiquid
OXygenh storuge tanks is uct usable for oxygen sterige. Liculd

cxygen tanks are difiicult to self-ballast since organic liculds zre
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to0o hazardcus and water would freeze and plug the lines, Perhaps

the carbon dicxlde 1r the exhaust gases of an engine could be ligui-
fied by counter-current heat exchange with the liquid oxygen and

used for ballasting. Thls problem requires further study. At pre-

1

sent, it 1s proposed to ballast liquid oxygen systems DY the uge
of additional (originally empty) tanks which would be filled with
sea water as the oxygen is consumed. Liquid oxygen-fuel mixtures
are explosive,

A big advantage of llguld oxyger 1is the ease with which 1t
can be manufactured. Today, commerclal liquid oxygen sells for
$0.05 per pound, With large-scale manufacture, this could probably
be reduced to $0.03 per pound. Although the present oxygen capa-
city of the U.3. is very large, 1t 18 likely that new plants would
be needed in case of war, These plants are quite inexpensive; the
original plant investment being estimated at $0,05 per pound of
liquld oxygen per year.

C., Oxides of Nitrogen

Such oxides of nitrogen as nltric acld, nitrogen tetroxide,
ete.,, ¢can be used as oxidants, Periformance-wise, they are about
as satisfactory as hydrogen peroxlde, For underwater use they have
two major drawbackss cxtreme tLoxlcliy and a wake problem., The
funes of both nitrogen terroxide and ritric acid are deadliy respira-
tory peisons. Contaminatlon of a submarine with These materials
might be & major catastrocphe. Furiher, the nitrogen released by
thelr reduction is difrficult to dlsperse without creating a wake,
For these reasons, it is deubtful if the U,3, Navy would be willl-
ing to adopt them Tor use as oxldants for submirlne propuision.

Theyv might, however, bs used for torpeds propulsicn,

5

Nitrogen cxides dre comparatively ea=zy to manufacture, Nilitric

acid 1is an essential rav material for exrlosive synthesis, and

nitrogen tebroxide can He made by miner modification cf ritric acid
SLIRET i-38




plants. In e2ddition, the Food Machinery Corp. has developed a new
process that is consideratly cheaper than the present ammonia oxi-
dation tecunique. The extensive use of nitrogen-base propellants
would regnrire new uivrugen-fixation facilities. It is estimated
that the Food Machinery Corp. »rocess could produce rnitrogen tetrox-
ide at a cosl of 50.07 ver pound and with a plant investment of
£0.0% per pound per year of production capacity.

The cxides of nitrogen could be stored on board e submarine,
and it appears that the storage tanks could be ballasted with sea
water by use of a sultable movable-diaphrasm tecknique. A nation
that is willing to risk the hazards of these materials might find
the use of the oxides of nitrogen a relatively cheap and easy way
to supply oxidant to a subncrine power plant.

D. Esoteric Oxidents

A number of esoteric oxidants -- ozone, fluorine, chlorine
trifluoride, etc. ~- have been considered for rocket propulsion.
In theory, they could also be applied to underwater propulsion.
If they could be used, they would be superior to liquild oxygen.
At present, however, all these compcunds are either too unstable,
too expensive, or both, for use underwater. At some {uture date
they may prove suitable.

E. Oxidant Replenishment

The chief drawback of the chemically fueled submarine is the
limived oxidant supply that can be stored on board. Two ways of
jmproving this situation have besen suggested -- obtain oxygen from
the air or from the sea. The replenishment of stored oxygen by the
use of atmosvheric air implies the manufacture of oxygen during
periodic surface or snorkel operation.

The use of the oxygen in the eea water wight mean a continuous
suprly of oxygen for submerged provulsion. A straizhtforward engi-
neering attack on the problem of pericdic replenishment with atmos-

pheric oxygen would be to put a liguid oxygen sjystem on board =
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submarine, This may te possible, but the machinery 1is likely to
be bulky and the weight of fuel consumed by the plant is likely
to be a significant fraction of the welght of oxygen produced,

An alternate to the liguld oxygen plant 1s a scheme that
visualizes an engineering adaptatlion and combination of the respil-
ratory mechanism of both mammals and fish. If 1t could be made
to work well, 1t would bring the performance of the chemlcal pover
plant close to that of the nuclear plant, It 1s probable that
such a system is impracticable, On the other hand, a preliminary
exploration designed to clearly define the problem,to obtain basic
data, and to assay the probability of success could probably be
completed in less than two years and at a modest cost. Even though
the chance of success aprears alim, the potential rewards might

Justify such an examination.

V. CONCLUSIONS

A, Torpedoes

l., U, 5, Systems

Table I-12 summarizes the characterisiics of representative
U. 5. torpedo power plant fuel-oxidant systems now in use, ready for
use shortly, and estimates of what might be obtained with up to 10
years of intensive developmernt, All possible systems are not in-
cluded, and the compilation cannot be considered comprehensive. The
estimates of the specific performance of future developments are
subject to error. This is particularly true of the jet systems,
The specific weight (1b,/HP} and volume {(vol./HP) of the jet power
plants will be lower than that of the electric or thermal systems,
but the estimates of the obtainable values have varlied so widely
that no figures are repcrted here,

Certaln gualitaftive conclusions can be drawn on the basis

of Table I-12,
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1. The battery-electric motor systems (Table I-12,
rows 1, 3 and 9) are characterized by a high weight and
volume per horsepower and per horsepower-hour, This implies
a relatively low speed and a moderate range.

2. The pure jet systems (Table I-12, rows 10 and 11)
obtain lowv weight and volume per horsepower at the cost of
fuel consumntion. Their chief use appears to be for high
speed-short range cr for moderate speed-moderate range appli-
cations,

%, The thermal systems (reciprocating or turbine power
plants) of Table I-12 (rows 2, 4, 5, 6, 7 and 8) provide the
cambination of moderate volume and welght per horsepower and
low fuel consumption. They appear best adapted to moderate
to long-range operation at elther moderate or high speeds
since, under these condltions, the welght and volume of
fuel are more Ilmportant than the size and weight of the power
plant.

In order to provide & more concrete estimate of the performance
of these power plants, the data of Table X-12 have been used to
calculate roughly the performance that might be obtalned in a Mk,
35~class torpedo, The results, which are quite approximate, are
shown in Table I-13. Rows 1, 2 and 3 represent stages in the
development of the electric torpedo. Row 1 shows the performance
of the present Mk. 35 torpedo powered with the magneslum-sei witer-
silver chloride cell, Row 2 is an estimate of what might be ob-
tained by improving the sea water cell. Row 3 13 based upon u
guess as to the probable progress that might be made in package-
cell construction in 10 years, In order to obtain speeds greater
then 40 knots with batteries, 1t would be necessary to lengthen
tire torpedou; speeds sbout 60 knots appear to reguire impractlcal

torpedo lengths.
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Table I-13

ESTIMATED PERFORMANCE SOME OF THE POWER PLANTS OF TABLE I-12
INSTALLED IN MK. 35-TYPE TORPEDO {approx. 1700 lb. dry weight)*

Estimated Ear-~
liest Produc-

Max. Range (yards) tion Date if
Power 3peed  50-To0 ~foot Stored Stored Actively Pro-
Plant (knots) depth depth Fuel  Oxidant secuted
1 Electric 27 10,000 10,000  Mg-AgCl  cell 1950
e Electric 33 10,000 10,000 Mg-4gCl cell 1952
z Electric 40 25,000 25,000 ? ? 1960
4 Thermal 30 30,000 15,000 Hydro-~ H202 1951
carbon
5  Thermal 35 30,000 15,000  Hydro- H,0, 1952
carbon -
6 Thermal 60 6,000 4,000  Hydro- H,0, 1954
carbon
7  Thermal 40 30,000 30,000 Li-Ca**  H,0, 1957
B Thermal 60 10,000 10,000 Li-Ca*#* H202 1957

¥* *

—

In general, a smaller torpedo will have 3 shorter
ranfe or slower speed; a larger verslon & greater
range or higher speed than one the size of a Mk, 35

This assumes that lithium can be made available; 1f
not, another water-reactive metal would be substi-
tuted with some loss in performance
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Rovws 4, & and 6 reprasent ztiges in the develcpment of
the hydrccurbon fuel-bhvdrogen veroxide power plant., Row L shows
the performance cbtaincd during the development testing of the RANOL

=

V-390 reciprccating eng.ne power plant. Row 5 1s a translation of

s e B
o .

probable short-time improvement:s in the perfermance of the thermal
peroxide power plant into torpede performince, Row 5 is a high-
speed verslon of the hydrocarbon fuel-hydrogen peroxide-povered
thermal system, A new engine (either a reciprocating engine or

a4 turbine) 4nd Imprcved stowage would be needed.

Rows 7 and 8 are estimates of the performance of a
thermal power plant comblned with several modifications that are
still in the laboratory stage, The basic power plant 1s 3
réciprocating engine or a turbine., The oxldant 1s 904 hydrogen
peroxide, The fuel 1s 1 water-reactive metal (considered here to
be Li-Ca), Thisfuel is reacted with excess sezx waber, and a high-
pressure hydrogen-steam mixture is geuerated, The metullic sludge
is separated from the gas (probably by a cyclone separator), and
the gas mixture burned with tie ceroxide.  The expanslon of the gises
generates pevwer in a reciprocating engine or turbine. The power
is used to run a pump Jet., The exhaust gases are almost entirely
water vapor: they are condenrsed with sea water, and the liquid und
very-small fraction of gas is pumped overboard. This virtually eli-
minates the effect of operating depth on power-plant performance.
Such s system 1s a long way froem .eallity. In theory, it is close
to the ultimaite In thermal propulsion systems for Jdeep-running
torpedoes, but 1t wiil reguire i real effort to accomplisii the re-
sults indicated in Tabkle I-13%,

Tn Table 1-13%, the Mk, *5-class forpedo was used 28 ian
illustratior, This does not imply that *the slze of the present
Mk, 35 13 idez2l, Fcor» sirborne (se. a much amailer weapon 1s

desiravle, The data of Tablie I-12 irdicate thit our present power
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plants would be suiltable for use in a smill torpedo, For example,
the thermal power plant using 2 hydrocarbon fuel and hydrogen pexr-
oxlde appears to Ye sufficlently developed for use in a 500-pound,
30-knot, 4,000-yard-range torpedo. An even smaller weapon could be
bullt at some sacrifice in speed or range., 1f extremely high speeds
are needed, one of the jet systems might be used in a small, short-
range weapon., High speeds fr very-short ranges might be obtained
with air-launched chemical rockets whose power plants continued to
function under water, With present know-how, the U,S5., could builld
a large torpedo (3,000 pounds) with a1 speed of 50 knots and a
range of 30,000 vards,

If hydrogen peroxide 1s used as an oxidant, the wake of
the thermal power plants of Table I-13 would be negligible., Pre-
sumabiy, the wake of the present magnesium-silver chlorlide battery

can be eliminated by further work, and future batteries will be

wakeless., The jet systems employ hydrogen (generated by the reaction

of fuel with water) and would exhibit a pronounced wake,

The gas-jet powar plant systems would probabiy be nolsy,
but this has not been conclusively demonstrated., At present, the
noise of the 30-knot Mk, 35 tdrpedo, powered with either the
electric or thermal (RANOL engine) system, is almost entirely due
to propeller caviftation, The wuse of 3 non-cavitating pump jet in-
stead of a conventional propeller might considerably reduce ths
noise level of the torpedo and make & 40-knot thermal-or electric-
povered acoustic torpedo possible, Little effort has been expended
on sound isoclation of the michinery.

The production of a truly hiigh-speed acoustic torpedo
will reguire far greater emphisis on nolise reduction than is pre-
sently the case.

2., U,B8,5 .5, "evelcpments

“he progress rade by the U.3.5.R. in torpedo deveicpment
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is not known, At the clcse of the last war, the Germans were test-
ing torpedoes that used hydrogen peroxide as sn oxidant. The Ger-

man information and prototype fLorpedoes were avallable to the U.S.S.R.
Presumably the Soviets have ccontinued the German work and added im-
provements of their own, It is reascnable to assume that thelr
veapons will be capable of lomg range at moderate to high speeds

and will be fitted with homing and pattern-running devices,

B, Submarines

l, U,3, Developments

Table I-14 lists the estimated performance of seagolng
submarines of 2,000 to 3,000 tons submerged displacement as a func-
tion of the power plant employed, This Table includers the estimsted
date at which producticn might begin if the development effort were
started now, and the cost of the fuel and oxidant consumed per
patrel. The oxidant costs are taken to be $60,00 per ton for 1iguid
oxygen and $400,00 per ton foxr 90 hydrogen peroxide. Both these
figures are lower than present selling prices in the U.,S. However,
the production of sufficlent additional cuantlities of elther of
these oxldants for a reasonable numper of submarines would require
new plant facilities, A large mcdern plant should be able toc manu-

facture 'lguid oxygen for $62 per ton., The hydrogen percxide cost
is based or the estimatedr economics of the 2-ethyl anthraguinone
process develcped by the Germans, The conventional electrolytic
process now used 1n the Unlied 3xates 13 pot able to produce peroxide
for $4CO per tom, Presumably the U,S.S5.R. has scquired the German
background in peroxide manufaciure, the U.3. wculd need to develop
either the 2-ethyl aatbraguinone process cr the propane cxidation

process to meet the $UNN-per.ton figure,

*¥  An unceritain estim3te,

=
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ADDENDUM

to Tairie [-1s

In Table I-14, the maximum snorkel speeds given assume
that all the thermal power plants are operated during snorkeling.
The U. S. Navy does not feel that it is practicable to install
exhaust connections to more than two of the four diesel engines
in a conversion of a Fleet to a Guppy-type submarine. With this
limitation, the snorkel speed of the submarines of Columns 2,

3, 4. 7, and 8 of Table 1I-14 would be restricted to about 12 knots.
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Table I-14

ESTIMATED PERFORMANCE OF SEA-GOING SUBMARINES

1] 2 3 4 5 6 7 8 9 10 11
FLEET! GUPPY| GUPPY] QUPPY 88563 33563 GUPPY| GUPPY 8sx SN FUEL
Conv.Al Conv.B Mod. {Conv.C| Conv.D {nueclear) CELL
Estimated Date at Whlch Production
Might Begin 1950 1950 1952 1952 1952 195571 1955 1955 1955 1955 1960
Estimated Cost millions of dollars* 2.1 31 4,32 12 162 4.5 39 19 197
Maximum Submerged Speed {knots)*# 10 14.5 i2 14,5 18 18 18 14,5 25 25 25
Range at Max. Sub. Speed (miles)** 11.3 16.5 100 16.54 20 53 346 16.5 250 15,000 850
Maximum Submerged Horsepover 3000 4609 3000 4600 4700 4700 10,000 |4600 15,000 | 15,000 15,000
Range Submerged at 6 Knota (miles)** ko 145 450 130 220 600 |3100 (3000 4350 40,000 |14,000
Range Submerged at & Knots on
Storage Batteries Only, (miles) 4o 145 72 T2 220 600 — 145 145 - -
Maximum Surface Speed (knota) 21 20 15 20 15.5 15.5 20 19 22 22 -]
Maximum Surface Horsepower 5400 5400 4000 510007 3200 3200 5400 4800 15,000 15,000 15,000
Maximum Snorkel Speed (knots) -~- 18.5 1% 18.5 14 14 18.5 17.5 20 -—- 0
Range on Surface at 10 Knots (miles) 12,000 10,000 p0,000 10,000 12,500 12,500 10,000 |10,000 14,000 43,000 14,000
Submerged Displacement (tons) 2428 2428 | 2428 2428 2170 2170 2428 |2428 3000 3000 3000
Weight Machinery (tons) 130 130 130 130 160 160 230 130 ko0 840 250
Weight Storage Batteries (tons) 210 252 126 126 255 202 50 | 250 126 m— -
Welght Diesel Fuel (tons) 203 203 215 203 2007 2007 240 240 430 —— 3™
Weight Stored Oxidant as Either
Liquid Oxyg. (tons) - —— 25 e - - R 150
or
90% Hydrogen Peroxide (tons) -~ - ™ - — —-— 300 | 175 250
Weight Special Fuel {tons) -——— ~—- -— 50 ——- -— -— 450
Cost of Fuel Per Patrol
“(r.housands of dollars} For
Diesel Fuel at $31/ton 6 6 [ 6
Diesel Fuel - Liq. 02 at 8.2 22
$60/ ton
Diesel Fuel - 904H,0, at 130 Y 110
§400/ton 22 3 !
Pr%mary Batteries at 2200
922,500/ ton
Diesel and Speclal at 200
400/ ton
# For columns (2), (3), (&), (7), (8) the conversion cost from a Fleet
submarine is glven
** Speed-range characteristics of thermal powerplants may be roughly lnter-
polated by considering the range to vary lnversely with the square of the
sneed
speed
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The performinze of the nucslear-powered submarine (SSN,
column 3 of Tabhie T-1&} rnow under development in the U.S, is in-
cluded 1n the Table 12 order» to compare the chemical and nuclear
submarines, A zhemicil system that might offer performance com-
parable to the nuclear svbmarine has been omitted from the Table
because the practicablility of this system cannot be evaluated at
the present time, (This is a4 system that continually replenishes
its oxidant supply by extraction of oxygen from the alr and from
the seu water =and, although lmprobable, might glve continuous
high-speed submerged operation.)

Additional data of Table I-14 are summarized below,

1, The Fleet Submarine (column 1):- This is the

U, 5, World War II fleet submarine, It uses Jiesel engines
for surface operation and a combination of electric motors-
lead storage cells for submerged propulsion., It is not
snorkel-eguipped, although a snorkel can be added,

?, The Guppy Submarine (column 2):- This 1s a

modification of the fleet submarine, The hull 1s stream-
lined (cost " 50,000), a anorkel is provided (cost “450,000),
and improved lead storage batteries (the "Guppy" battery)
are installed (cost 31,?45,000)0(5)

3, Guppy Conv:-sion A (column 3):- This is a

verslion of the Guppy subwuarine which converts the Guppy die-
sel engines into submerged power plants., The modification
involves removing one-half ihe usual Guppy storage baitterles
and substituting liguid oxygen or hydrogen peroxide storage
tanks, Twc of the mair. - . 600-HF dlesel engines would also
be removed., They wouli be replaced by twe S00-HP diesels
and the pumps, condensers, etc,, required to convert the re-
maining diesels to simple Kreislauf operation.. The U, 5,

Navy Bureau of Ships has tested the components required for
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this conversion and has made pawner studies of the installa-
tion. It believes the conversion to be feaslble, but does
not contemplate carrying out the modifications,

4, Guppy Conversion B (column 4):- This is a

hypothetical modification of the present Guppy. One-half the
normal lead storage batterlies are replaced by magnesium-

sea water-silver chloride primary batteries., Thile conversion
appears lmpracticable, No significant performance lmprove-
ment results and, since the primary cells must be replaced
after each patrol, the cost would be enormous,

5, SS 563 (column 5):- This 1s a new model of the
conventionaily powered fleet submarine, A prototype 1s now
under construction., It is diesel engine-powered on the sur-
face and uses a combination of electric motors and lead sto-
rage batteries for submerged operation. Larger versions of
thls submarine have been studied on paper. An 11,000-ton
submerged displacement model might be built with a maximum
submerged speed of 30 knots and a range of 34 miles st 30
knots,

6, 58 563 Modification (column 6):- This 1s a

hypothetical modification of the 335 563, The lead storage
batteries are replaced with an eguivalent volume of the zinc-
sodium hydroxide-silver oxide ('Yardney") storage cells, This
modification assumes that the best performance of the present
experimental models of the Yardney cell could be duplicated

in 4 production version. There 1s no assurance that this
could be achileved,

7. Guppy Conversion ¢ (column 7):- This is a hypo-

thetical conversion o1 the Guppy to a high-submerged-speed
submarine. The four diesel engines are modifled for Kreislauf

operation, and four small-size but high-pover (approximately
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1,000 BP each) upstream expansion engines (either reciprocat-

ing or turbine) are added. A small engine of about 400 HP is
added in order to obtain high efficiency a1t speeds of & knots
and lower., This engine would be made as quiet as possible.
The spuace and welgh%t for the additional machinery is provided
by removing batteries, Additional storage capaclty ia ob-
tained by sacrificing one-third of the normal 600 tons of
ballast; this would reduce the loaded freeboard of the sub-
marine but does not appear to unduly restrict its operation,
Peroxide i1s chosen as the oxidant because it can be stored be-
tween the inner and outer hull and ballasted with sea water.
Possibly a scheme involving liguid oxygen could be worked out.
8. Guppy Conversion D (column 8):- This is a hypo-

thetical conversion of the Guppy to an extreme-submerged-range
submarine. The storage batterles are retained in order to
provide a means of obtaining rechargeable high-speed, short-
time submerged operatlion. A 3,000-mile totally submerged
range at 6 knots, suitable f~w aneaking through patrocled
"reas, 1s obtalned by the use of stored oxidant, This is
achieved by removing one diesel engine and replacing it

with a 400-HP modern thermal plant, This thermal plant can
use air or stored coxidant and can operate efficiently at
depth. Every effort i1s made to eliminate the noise of this
smill engine, Hydrogen peroxide 1s stored outside the pres-
sure hull at the sacrifice of ballast, The remaining diesels
are ot changed, When long-range submerged crulsing 1s de-
sired, only the Y400-HP plant is orerated. Vhen high sub-
merged speeds are needed, the storage batteries are used.

9, Submarine SSK (cclumn 9):- This is a new

chemically powered submarine which is being studied by the U.S.

Navy. The entire submarine is now in the preliminary design
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at2ge, buv the povwer piant is close to actual testing. The
target specifications of the Walter cycle, semi-closed gas
turbine, ind closed-cycle gis turbine submerged powcer plant
developrents ¢ill for the final unit to fulfill the require-
ments of the 388X, It 1s expected that, by 1952, the testing
of experimental versions of these power plants will have
reached the stage where one of them can be selected for the
53X. The final status of the S3X development has not been
decided,

10, The Nuclear-Powered Submarine S8N (column 10):-

Alternate power plants for this submiarine are under development
at the General Electiric Co, and the Westinghouse Electric Co,
It is hoped that an experimental verslon of this submarlne

will be under test by 1955.

11, The Fuel-Cell Version of the SSX (column 11):-

This is a purely conjectural modificatics which substltutes
a fuel cell-electrlic motor combination for the storage bat-
teries and the thermal underwater power plant of the SSX,
The performance given in Table I-14 for thils system is based
upon the estimate given in Table I-7 of what might be
achieved as the result of a ten-year fuel-cell development.
Clearly, this 1is a2 guess; the performance listed might never
be achieved, cr 1t might be greatly surpissed,

At depths heiow 100 feet, the exndaust gis wake of
these submarines would be negligible i1f the bubble dispersion
exhaust system were employed. At high underwater speeds, the
propeller 224 probakly the machinery noise would be pronounced.
The development of 2 tumr jet for submarines has 2 low priority
at the present time, and little attentlion has been given to

machirery-noise i=clation, Considerable effort in toth basic
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resesrch and develomment will be required to achieve a
quiet high-speed submarine, but such an objective does not
seem impossible, This could have an important effect on

sound-detection methods,

2. U,3.3,R, Developments

Potential Soviet develorments in submarine prorulsion

parallel those of the U,S, At the close of the war, the German

developments fell into Scviet hands; these included the Type XXI

boats whose performance is close tothat of the Guppy class, and

the experimental hydrogen peroxide (Walter) and oxygen (Kreislauf)

powered submarines, Presumably the V,5,3,R. has carried on these

developments, alded by German sclentists and enginsers,
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APPENDIX K

I. HARTWELL PROJECT: HISTORY AND SOURCES

The instigation of the Hartwell Project dates frcm a letter*
from the Committee on Undersea Wartfare of tre ducional Research
Council addressed to Admiral C. B. MomSen. Assistant Chief of
Naval Operations. This letter recommended 1n part the determina-
tion of a long-range program against submarines taken in 1ts
broadest sense to include (a) transport and cargo handling,

(b) vehicle and weapon systems, and (c) submarine defense. To
help define such a program, the Committee on Undersea Warfare
suggested enlisting the assistance of a group of "outstanding
personnel providing a high degree of technical, scientific, and
operational competence under the most skilled and vigorous lead-
ership".

In following up the recommendaticns, Admiral Momsen with
Admiral Solberg, Chief of the O0ffice of Naval Rezearch, con-
ferred in New York on February 27, 1950, with Dr. M. J. Kelly,
Director of Research, Bell Telephone Laboratories.¥** Present
also were Dr. J. B Fisk, assisting Dr. Kelly at Bell Tele-
phone Laboratories, and Dr. J. A. Stratton, Proveost of the Massa-
chusetts Institute of Technology. At this meeting, it was pointed
out by Dr. Stratton that M.I.T. would cooperate with the Navy if
the Navy felt that the advanced-type submarine presents such a
critical national problem. It was the opinion of the civilian
scientists present that Dr. J. R. Zacharias might be well fitted %o
direct a group of scientists to study the long-range :<spects of

anti-submarine warfare.

* G. P. Harnwell, Deputy Chalirman to Admiral C. B. Momsen, ACNG
(Undersea Warfare), Jan. 23. 1350.

** Memorandum from\Admiral C. B Momsen to Admiral F. P. Sherman,
CNO, February 2&, 1350.
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arranged that a contract covering this work would be negotiated

~

by ONR with M.I.T. At the same timc, the name "Hartwell" was
confirmed; the code name and classification of the contract would
be Restricted. Reports, however, would carry the classification
of the material contained thereln. At this meeting 1t was agreed
that ONR would assign Commander W. H. Groverman, in charge of the
Undersea Warfare Branch, ONR, to act as project liaison officer
and toc arrange detalls of the briefing.

While the contract was belng arranged through normal channels

(first approval by RDB, then negotiation with the Division of

Industrial Cooperation, M.I.T.) a preliminary meeting was held '
in Washington at the National Academy of Sciences Building on

April 27 during the Washington meetings of the American Physical

—— e

Soclety. At this time, a large number of scientists potentially
useful to the project were at hand in Washington and many were
able to attend the meeting.

The meeting* was attended by twenty-two scientists and seven
Navy representativeg from CNO and ONR. Prcfessur Zacharias
presided.

A program and a tentative schedule of briefing had been pre-
pared by Commander (Groverman, coples of which were distributed at
this ineeting. The program incliuded the following items for
discussion:

(1) Nature of the project;

(25 Dates;

(3) Briefing;

(4) Personnel;

(5) Classification and Security;
(6) Reviewing Group;

(7) Report.

* See Memorandum, M. M. Hubbard to J. R Zacharias, May 2, 1950.
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“he nature of the project was described by Admiral Solberg, ONR,
who summarized the steps leading to the Hartwell Project and
listed the difficulties in the problem. He also described and
applauded the previous contributions and operations of the Under-
seas Warfare Committee. He pointed out that the Navy, in the
Hartwell Project, was seeklng newv approaches. The Admiral re-
assured the meeting that the Navy was backing the project to the
hilt.

General discussion followed on the nature and scope of the
project. In this discussion, many participated. It was stressed
that the problem is broader than simply the "detection of sub-
marines' or even the "detection and killing of submarines', cov-
ering, lndeed, the problem of coverseag transport and the protec-
tion of fast carrier task forces. It was made clear also that
this project is not simply an ewluation group; the Navy loocks to
it for guidance on future long-range plans; 1lts results can be
used to Initiate new programs, new groups. The item of dates
provoked no dilscussion. The briefing procedure was then explained

by Commander Groverman. The tentative schedule was:

wasiington 1 week, beginning June 5;
Key West 1 week (including cne day observiag
a problem at sea%;

New London ending June 23.
There was little discussion of ithls schedule, which became the
final program with only slight modifications. It was suggested
that the group seek the advice of Admiral Low during the briefing,
which was done.

In regard to personnel, it was pointed out that the group pre-
sent was repregentative of those selected. It was expected that
not too many additions would be made to the senlor staff, but
suggestiony for additional names were invited, both Tcr senior
staff and for assistants.
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The classification of the project was defined by Groverman
who explained that the contract itself is "Restricted”. The
work and reports must bear the classification appreopriate to
the matter in them. If a "Secret" matter is investigated, the
report must itself be "Secret". The project personnel would be
processed for clearance to "Top Secret" information.

In the Fall, a reviewing group might be assembled to view
and comment on the work of the project; names suggested for
this included L. A. DuBridge and M. J KXelly. Such a group would
be asked to punch holes in the conclusions of the Hartwell Group.

In regard to reports, little was said, except that the final
conclusions might not appear in an elegant format since time was
so short.

At thlis same meeting, announcement was made of the forthcom
ing Symposium of the Committee on Undersea wWarfare to be held
May 15 and 16. The Hartwell Group as then constituted was invited
to attend. (Several members of the Hartwell Group did attend the
symposium. )

The Hartwell Briefing* began con June 5 at the Pentagon. The
group, for the most part, stayed at the Hotel Washington. Dis-
cussion sessions were held there every evening to amplify and sup-
plement material presented at the formal presentations. The eve-
ning sessions were frequently attended by persons who had delivered
papers during the day. During the evening, they expanded their
discussions. These evening sessiong were so fruitful that the
practice was continued when the group reached Key West and New

London.

* See program c¢f briefing, Section II.
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II. ERIEFING OF HARTWELL GROUFP

A, WASHINGTON
Pentagon Building

Monday, June 5

Speaker and Agency

Vice Admiral L., D. McCormick,
Vice Chief of Naval Opera-
tions, CNO

Vice Admiral F. 3. Low, Deputy

Chief of Naval Operatlons
(Logistics), Op-04

Cdr. E. Haskins, Op-32

Lt. Cdr. M. R. Wyatt, Op-32

Cat. G. Conway, NSRB

Capt. Hunt, Op-40

Capt. Knowles, CIA

Tuesday, June O

Dr. J. Steinhardt, OEG

Rear Admiral C. B. Momsen,
ACNO (Undersea Warfare),
Op-21

Capt. C. T. Caulfield, Op-312

Capt. L. R. Daspit, Op-2l1l

Capt. T. Burrowes, Op-3L4

Wednesday, June 7

Capt. R. G. Armstrong, Op-31h
Dr. E. A. Jochnson, ORO

Dr. J. W. Johnson, ORO

Dr. G. H. Shortley, ORO

Dr. J. B. Hersey, Woods iiole

Cdr. S. H. Giwmber., BuShips

SECRET

Room 34-E-442

Subject

Introduction

Low Board Report

Intelligence Estimate
Intelligence Estimate
Shipping Control Requirements
Requirements

Requirements

Overseas Transportation

Tactical Aspects

Surface Aspects
Submarine Aspects

Earbor Defense

Minas and Countermeasures
Mines and Hydrofolls
Mines

Hydrofolls

Environment

BuShips Prograum




SECRET

Thursda June

At

Rear Admiral C. M. Bolster,
Buler

Capt. L. D. Coates, Jr., Buder
LCdr. E. W. Harrison, Buder
Capt. W. 5. Whiteside, BuOrd
Cdr. W. H. Groverman, ORR

Dr. G. P. Harnwell, Com. USW

Hotel Washington

At

Mr. J. H. Alberti, Op-322

Rear Admiral L. G. Stevens, JCS
Cdr. J. F. Dalton, NCS

Cdar. D. F. Quackenbush, NCS
Cdr. 5. Bertolet, NCS

Mr. J. J. Cummings, NCS

Naval Research laboratory

Friday, June 9

Capt. F. R. Furth

Mr. H. 0. Lorenzen

Dr. H. L., Saxton

Dr. J. A. Sanderson

Mr. M. Ratzin

Dr. R. M. Page

SECRET

Buler Program

Bulrgd Program
ONR Program

Program of Committee on
Undersea Warfare

Intelligence
Intelligence
HF/DF
HF/DF
HF/DF
HF/DF

Introduction

Use of Countermeasures in
Anti-Submarine Warfare

Knowns and Unknowns in the
Detection of Submarines by
Sonar

Infrared and Exhaust-Trail
Detection of Tubinarines

Radar Detection of Schnor-
keling Submarines

Some Possible Systems for
Detection of Schnorkel by
Radar
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R. KEY WEST

Monday, June 12

Commanding Officer, Fleet Briefing Conferencec
Sonar School

Commanding Officer, SurAsDevDet

Commander, Submarine Sguadron
FOUR

Commanding Officer, Air Devel-
opment Squadron ONE

Officer in Charge, Advanced Under-
sea Weapons School

Officer in Charge, Naval Ordnance
Unit

Captain Caruthers, Fleet Sonar
School

Tuesday, Juns 13

Captain C. E. Weakley Surface Anti-Submarine De-
velopment Detachment(1),(2)

Cdr. L. V. Julihn, AUW Torpedoes

Wednesday, June 14

Captain E. C. Stephan, Sub- Briefing for ASW Demonstra-
marine Squadron FOUR tion

Thursday, June 15

(z), (%)

Observation of ASW Demonstration

Friday, June 16

Cdr. V. E. Schumachor Naval Ordnance Unit

0pDevSta -- ASW Critigue

(1) Memcrandum for Surface Anti—Subma:%ne Develommeiti ):t;chmenﬁ,
Key West, Florida, June 12, 1630, "SurasDevDet and OpDevdta’ .

(2) Current Projects at SurisDevDel, oune 12, 1950.

(z) Memorandum from Comnanding Cfficer., Surface Anti-3ubmarine
Development Detachment, to Observers of Operation VISITING
FIREMEN, "Informatior for Demonstracion of 15 June 1950,
dtd. 12 June 1950.

(%) "Description of Overavior 'VISITING FIREMEN,'" 15 Jure 150,

Surface Anti-Submarine Development Detachnent, Key West,
Florida.
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C. NEW LONDON

Ay ComSublant

Monday, June 1G

Rear Admiral S. S. Murray

Captain J. F. Davidson

Captain C. 0. Trisbel

Captain C. H. Andrews

Captain Benson

Tuesday, June 20

Cdr. E. E. Shelby

Cdr. W. B. Bieglaff
Captain J. Corbus

Captain W. G. Ebert

Introductory Remarks

Tactics and Operational
Characteristics of the
Fleet-Type Submarine

Tactics and Operational
Characteristics of the Guppy-
Snorkel Submarine

The Characteristics of the
1955 Submarine

The Submarine as an ASW
Weapon

The Operations and Limitatlons
of the Submarine as a Mine
Layer

Coordinated Submarine Tactics
Wartime Operation Cycles ~-
Operations Involved in Perform-
ing Secondary Misslons

Submarine Operations in
Cocordination with other Types

Visit to Submarine School

At U, 5. Navy Underwvater Sound Laboratory

Wednesday, June 21

Cdr. A. E. Krapf, CO
Dr. John M. Ide

Mr. G. 3. Harris

=
]

oy
w

. Harris
Mr. G. 3. Harris
dr. H, I. Mason
Mr. H. Z. Nash

Mr. W. A. Downes

Welcoming Remarks

General Ouv- .- o: Technical
Progran

Introduction Lo Submariae
Sonar rrogranm

Systems Develcument

Long-Range Listsning «rrars

"

- . - w o, I
Njerwn U 22 o LT GRRTONS
g Ial P - - A -~
SurioL - fuIsgl agnav
Toroede Denaoiion
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Wednesday, June 21 (cont.)

Mr. C. M. Dunn

Mr. G. M. Milligan

Dr. J. Warren Horton

Submarine Radio Communica-
tion Problens

Infrared Developments

Applied Research

11T,

VISITS AND VISITORS

At the concluslon of the Briefing, the Group assembled at the

Lexington Field Station of the Massachusetts Institute of Techno-

logy. There studies were inltiated and discussions held. During
July and August, a large number of persons visited the Project to
agviss,

to furnlsh information, and Lo comment on tentative con-

clusions. In the working plan, the Hartwell practice was to
"summon" experts in any field under immediate scrutiny, or to
send swall subcommlttees to visii activities for information.
The following list indicates the number of institutions and visi-

tors to Hartwell prior to the September terminal meeting.

Alr Force, Cambridge Laboratory

H. F. Dannemann

A. C. Goss, Jr.

L. M. Eollingsworth
J. Marchetti

S. B. Welles

P. A. dePaulo

American Airlines
D. S. Little

Bell Telephone Laboratories

in. J. Kelly

British Joint Scieuntific Mission

S5ir Charles Wright
E. G. Hill

SECRET

Brookhaven National Laboratory

G. B. Collins
J. B, H. Xuper
L. J. Haworth
G. . Tage

Bureau of Aerovnaulics

C. M. Bolster
I. H. Driggs
E. W. Harrison
G. C. iiiller

Bureau of Shios

W. H, Dix

P. G. Comens
L. M. Treitel
C. . Engleman
P. 5., Knight
5. H. Gimber
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Colby Steel Company Office of Naval Research (cont.)

J. Isaacs C. B, Laning
U. Lidgel
R. W. Hart
Engineering Research Associates,Inc. R. Holden
A. L. Powell
H. F. strom J. B. Pearson
fug F. J. Burr
E. E. Ross
Federal Telecommuncations Laboratories A, Addelson
C. F. Muckenhaupt
J. L, Allison J. W. Sheetz
C. L. Westhofen
V. F. MacCormack
Lockheed Alrcraft Corporation R. W. Rohrman
R, M. Isaman

W. W, Lindsay, Jr.
R. A. Bailey

Operations Research Office

Massachusetts Institute of Technologsy

E. A. Johnson
E. L, Bowles

Philc¢o Corporation

National Research Council

D. Sundstein

J. 5. Coleman G. J. Laurent

Naval Research Laboratory RAND
M. Katzin J. I. Harcum

J. R. Gruber

Research and Develovment Board

Operations Evaluation Group

W. Webster
J. Stelnhardt
3. K. Shear
W. E. Albertson Scrivns Institute of Oceano-

sZraphy
R. Revelle

Office of Naval Research

E. R. Piore

T. A. Solberg United Fruii L-oco.ny
A. J. Pleasants

R. Berheman dartley Rowe

3. H. Patiie

-

. K. Laughlin
C. Barstow
Holland

J. Kiliian
L. ‘turphy
C. Bwing

G. Lill

. A. Krauss

Univergity of Illinois

F. W. Loouis

S c QI s
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U.S. Naval Underyater Sound Weapons Systems _Eveluation Groupd
Laboratory
G. Welch
A. E., Krapf H. P. Robertson
J. M. Ide H. Rivers
H. Nash W. 3. Parsons
L. Alaoglu
Woods Hole Oceanograpvhic Institute A. B, Vosseller

A. C. Vine

Whenever it was impractical to call experts to Lexinglon,
various groups of Project personnel visited outsilde organiza-
tions where accurate, up-to-date information relating to speci-
fic fields of study could be obtained. The following institutions
were visited by the Hartwell staff.

Atomic Energy Commission

Begll Telephone Laboratories

CinCLant

Federal Telecommunications Lahoratories
Key West

Maritime Administration

Naval Ordnance Laboratory

Navy Department (CNO) and Bureau Chiefs
Office of Naval Research

Onerations Evaluation Group

Philco Corporation

Woods Hole Oceanographic Institute

Avzilable to the Hariwell Project was a library of classified
document- . This library was secured through the asslstancoe of
ONR, and c¢ontained all publicati as recommended to the group by
those concerned with the briefing.

A tentative draft of the summary was prepired on 28 August.
This was discussed with many representatives of the bureaus and
other agencies. A revised tentative draft was prep .+ 1 August
whiichh was discussed 1In detall at a Terminal Meeting on 1 and 2

Sentember. This Terminal lesting was attended by the Hartizll

Group and the visitors in the following 1ist.
Mr. D. A. Kimball Under Secrestary of the Navy
Admirai F. 2, Shzimar Chinsf of Haval Coerations
Vice Admiral F. 2. Low DCIO (Lozi-.ics)
Lt. Gen. J. I, Hull WSLES
R.Adm. R. P. Briszcoe A0I0 (Readinus o)
R.Adm. C. B. Momsen aCNo EUndercea Wariarc
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R. Adm. W. S. Parsons WSEG .
R. Adm. T. ... Solberg ONR .
Capt. K. T. Poshlman ONR 3
Cdr. J. W. McConnaughlay USN (Aide to Mr. Kimball) E
Cdr. C. L. Murphy ONR
Lt. Col. J. L. Smith USMC (Aide to Adm. Sherman) ‘
Mr. Leonidas Alaoglu W3EG :
Mr, J. S, Coleman NRC
Mr. G. P. Harnwell University of Pennsylvanila ,
Mr. M. J. Kelly Bell Telephone Laboratories -
Mr. J. R. Killian, Jr. M.I.T.
Mr. F. W. Loomls University of Illinois
Mr. E. R. Piore ONR '
Mr. H. P. Robertson WSEG
Mr. W. Shockley Bell Telephone Laboratories
Mr. J. Steinhardt 0EG
Mr. J. A. Stratton M.I.T.
Mr. A, T. Waterman ONR
Mr. William Webster Chairman, Research and

Development Board

Mr. G. I. Welch WSEG
Mr. M, G, White Princeton University

At these me

-

etings, many suggestions as to form and content

wers submitted, which have been incorporated in the Report. This

now represents,

in essence, the material presented and discussed

on 1 and 2 September.
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APPENDIX L
HARTWELL GROUP SCILNTIFIC PERSONNEL

PAUL ADAMS -~ Head of the Navigation Division of Federal Telecom-
munications Laboratories. During and since the war has done ex-

tensive work on direction-finding systems and ailr-navigation systems,

LUIS W. ALVARRZ - Professor of Physics, University of Californils,
Berkeley. During the war, was head of the Speclal Systems Divi-
slon of Radiation Laboratory, M,I.T., and later worked on atomlc

"bomb development at Los Alamos.

LLOYD V. BERKNER - Department of Terrestrial Magnetism, Carnegle
Institution of Washington. During the war, wasg Director, Elec-

tronic Materiel Branch, Bureau of Aeronautics,

HARVZY BROOKS - Gordon McKay Professor of Physics, Harvard Unlver-
sity. During the war, worked for O0SRD at Harvard Underwater *

Sound Laboratory,
BERNARD F. BURKE - Research assistant, M,I.T.

EDWARD L, COCHRANL - Vice Admiral USN (ret,), Head of Department
of Naval Architecture and Marine Engineering, M.I.T., and 1s now
on leave a8 Chairman of Maritiime Board. During the war, served

as Chlef of the Bureau of Ships,
EDWARD k. DAVID - Research associate, M,I.T,.

CHARLES R. DENISON - Engineering consultant on port development
and construction; recent proj=:t engineer, Port of Boston Autho-
rity; and port development research engineer, U.3, Maritime Com-
mission; wartime colonel, Corps of Engineers, engaged on wartime

port work in U.S3. and Europe.
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ROB:RT H, DICKE - Associate Prcfessor of Physics, Princeton Uni-
versity. During the war, was a staf” member of Radiation Labora-

tory, M.I.T.
HARRY DREICER - Student, M.I.T.

CARL ECKART - Professor of Geophysics, Scripps Institute of
Oceanography; Director, Marine Pnysical Laboratory, University
of California, During the war, was assoclate director of the

Division of War Research, University of California, at San Diego.

FRANCIS L. FRIEDMAN - Assistant Professor of Physics at M.I,T.
During the war, worked at the Metallurgical Laboratory of the

University of Chicago on atomic reactor developments,

HARALD T. FRIIS - Director, Radio Research, Bell Telephone Labo-
ratories (Holmdel).

IVAN A. GETTING - Professor of Electrical Engineering at M.I.T.
During the war, served as head of the Division on Radar Filre Con-
trol, Radiation Laboratory, M.I.T., and as consultant to Division

on Fire Control, NDRC.

WILLIAM H, GROVERMAN - Commander USN. Head of Undersea Warfare
Branch, Office of Naval Research., During the war, commanded the
destroyers USS PHILIP and USS DEHAVEN and served on staff of
Commander Destroyers Atlantic Fleet as Anti-Submarine Warfare

and Combat Information Center Officer,

ALBERT G, HILL - Professor of Physics and Director, Research Labo-
ratory of Electronics, M.I,T, During the war, was Chalrman of the

Radio Frequency Components Group and later the Transmitter Components

Division of Radiatlon Laboratory, M.I.T.
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MALCOLM M. HUBBARD - Assistant Director, Laboratory for Nuclear
Science and Engineering, M,I.T. During the war, was in charge of

Component Engineering it Radlation Laboratory, M.I.T.

FREDERICX V. HUNT - Professor cf Physics, Chairman of Department
of Applied Physics and Engineering Scilence, Harvard University.

During the war, was director of the Harvard Underwater Sound

Laboratory.

J. WALLACE JOYCL - Head, ASW Section, Radar Branch, Electronics

Divislon, Bureau of Aeronautics,

WINSTON E. KOCK - Bell Telephone Laboratories, During ihe war,
worked on microwave antenna development at BTL; Research Englneer

on acoustical problems since 1948,

CHARLES C. LAURITSEN - Professor of Physics, California Institute
of Technology. During the war, led a group in torpedo and
rocket development, and took an active part in the atomic bomb pro-

ject at Los Alamos.

J. C., R. LICKLIDER - Assoclate Professor of Electrical Engineering,
M.I.T. During the war, worked at Psycho-Acoustic Laboratory of

Harvard,

HAROLD S, MICKLEY - Assoclate Professor of Chemical Eangineering,
M.I.T. During the W&r, was project leader of a torpedo power plant

development program under NDRC.

PHILIF M, MORSE - Professor of Physics, M,I.T.,and consultant to
the Weapons Systems Evaluation Group. During the war, established

and directed the Operational Research Group of OSRD,

ARNOLD NORDSIECK - Professor of Physies, University of Illinois.
During the war, was a member of the scientific staff of Columbia
Radiation Laboratory and of Bell Telephone Laboratories, specializing

in microwave eleetronics,
SECRLT L->
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JOHN A, PILRCE - Research Fellow of Harvard University. During the

war, was head of LORAN Division of the Radlation Laboratury, M.I.T.

RALPH K. POTTER - Director of Transmission FResearch, E#ll Telephone

Laboratories,

EDWARD M, PURCRL. - Pr.resaur of Physics, Harvird University.
During the war, wis Chilrman of the Advance Developmeat Jraup,

Radiation Laborastory, M,1.T,

RICHARD B. KOBEKTS  utairr Menler, Depurtment of Tep estiul Mag-
natiocm, Carnegie Institutjon u! Washington, During the "lar,
worked on proximity fuses; head ol Iire-control group sni guided-
missile group (Bumblebees) 2t Applied Physice Laboratory, 3Silver
Spring, Md.

MERLE A, TUVi - Lireutur, bepirtment ol Terrestrial Magnetlsm,
Carnegie Inutitution of Waishingten, Dburing the war, vas Director,
Applied Fuystcws Labopatory, Johns Hopkine Univeratty, nnu.ilre
Control Divisioun, NDLRC,

FOSTER L. WBLDCN - Staff ouf Naval COrdanance Laboratory, vorking on

mine warfare, Nov wiwl Weapons Jystems Evaluatlion Greap.

JLROME B, WILSNLR - Frofessci of Llectrlic.l Englnoerf.g Ad Asgsoclate
Director, Resrsarch Lidboratory of Electronics, ¥.1.T. Dur.ng the
war, wa8 leider of ‘ne Cadillac Froject, ladia:tor labora lory,

M.I.T,, and later heid cf the Liectronics livis: 7 it Los Mlamos.,

JERKOLD R, ~ACHARIAS, CHAIRMAN - Professor of Physics and Divect: >,
Laboratory for Nuzleir Sciens: sn? Engineering, M. I.T. D ring the
war, served is head of the Transmitter Cum.onecnts Divisic . Radla-

tion Taboratory, M,1.7., snd later wis Leader of the Engliavriag

t

Division at Los Alamos.
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